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Edge detection is one of the commonly used operations in image processing. Image 
processing results depend on the quality of edge detectors. Thus, enhancing edge 
detectors used on a photo can affect the result of the application. This paper presents an 
edge enhancement method based on morphological operations. Edge enhancement is 
applied on frequently used edge detectors such as Canny, Sobel, Prewitt, Roberts cross, 
Laplacian of Gaussian and Gabor filter. Pratt’s figure of merit is used to evaluate edge 
detectors results before and after applying the enhancement. Since the enhancement, 
method affects lines in images, nature/ artifact image classification based on line feature 
is conducted. The results show that the edge detectors, as well as the image classification 
accuracy, were improved. Based on the experiment results, ideal thresholds for each edge 
detector were determined. High classification accuracy can be achieved by using these 
thresholds.  
The following results were obtained in this study so far. 
 
1. Filling the gaps in edge detectors results can enhance edge detectors  
There are three major errors in edge detectors. One of these errors is some edge 
detectors can have missing valid edge points. This problem can be fixed by filling 
in the gaps between the edges. By doing so, the edges will be connected and will 
look closer to the edges in the original image. 
 
2. Learned about edge detectors by comparing them before and after applying 
the enhancement method. 
Applying the edge enhancement method on edge detectors improve the results of 
each edge detectors significantly. In this research, we used Pratt’s figure of merit to 
evaluate the result of each edge detector before and after applying the enhancement 
method. The results vary based on the image used. Some images might need an edge 
enhancement, and some might not need it. The enhancement method thresholds 
should be used carefully since it affects the lines in the image. Using higher 
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threshold values can have a consequence of adding noise to the image.   
3. Performed nature/ artifact image classification based on line feature 
Since the enhancement method fills in the gaps between edges, it affects the lines 
in the image. Thus, it is necessary to study the impact of enhancing edge detectors on 
other image processing operations. In this research, we conducted nature and artifact 
image classification based on line feature. Image classification was done on the 
image before and after applying the enhancement method using different edge 
detectors and different thresholds values. Results showed that edge enhancement 
does affect the result of the classification.  
 
4. determined ideal thresholds for edge detectors 
The edge enhancement method fills in the gaps between edges to connect them. 
The size of the gap is determined as a threshold before applying the enhancement 
method on the image. Using high values for the threshold results in having an 
image with lots of noise. Experiments were conducted to determine the ideal 
threshold for each edge detector, which can give an accurate classification 
percentage. Results show that Sobel edge detector with a gap size of 11 and a short 
line range from 4 to 27 gives 96% accuracy for nature image classification. In 
addition, all of the tested edge detectors with a gap size of seven and a short line 
range from 4 to 15 give the best artificial image classification accuracy 100%. 
 
Based on these facts, we concluded that we got a reliable result in nature/ artifact image 
classification using edge enhancement method. 
 
Nature/ artifact image classification is still an ongoing topic in image classification 
filed, and there is a need to improve the classification accuracy to the ideal value to have a 
correct classification.  
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Chapter One: Preface 
Edge detection is a technique used in image processing to extract features from the 
image and for image segmentation. It is often utilized in the field of image processing, 
computer vision, and machine learning. Many edge detectors have been proposed. 
However, some of these edge detectors have some problems and can be sensitive to noise.  
Enhancing edge detectors can affect other processes in image processing or, computer 
vision and machine learning. 
The purpose of this research is to enhance commonly used edge detectors by filling in 
the gaps between edges. In addition, to study the impact of improving edge detectors on 
nature and artifact image classification. 
 
1.1 Introduction 
Edge detection is a way of finding a region in an image where there is a significant 
change in intensity or color. Edge detection is one of the most critical operations in image 
processing. It is commonly used in most of the image processing applications such as 
object detection and recognition, image classification, pattern recognition and much more. 
Many edge detection methods have been proposed, however, some of these edge 
detectors are sensitive to noise [1] and some misses valid edge points or even fail to 
localize the edge. [2] Thus, edge enhancement method on the most common edge 
detectors is necessary to address the problems mentioned above. 
 
1.2 Background and Related Researches 
 Edge detection can be grouped into two categories [3], first order derivative edge 
detection and zero crossing based edge detection. The first order derivative edge detection 
calculates the edge gradient magnitude and searches for the local maximum of the 
gradient magnitude. An edge will be detected if the value of the gradient magnitude is 
higher than the threshold [4]. Many methods have been proposed based on the first order 
derivative such as Sobel edge detector, Prewitt edge detector, and Robert Cross. The 
gradient magnitude is calculated using the following equation: 









Were Gx is the horizontal changes of the gradient magnitude and Gy is the vertical 











The zero crossing based edge detection is a method that searches for the zero crossing 
in the second derivative. One of the most common zero crossing based edge detectors is 
the Laplacian and Canny edge detector. However, zero crossing based edge detectors are 
sensitive to noise and are prone to a wrong edge detection in images with noise [1] [5]. 
Pratt [2] introduced the three major errors in edge detection.  
1. Missing valid edge points. 
 2. Failure to localize edge points  
 3. The classification of noise fluctuation as edge points.  
One way used to reduce the noise in images is to apply Gaussian filter before doing the 
edge detection. However, using a smoothing filter such as the Laplacian of Gaussian filter 
will reduce the sharpness of the edges in the image [6]. Few kinds of research used filters 
as an edge detector such as Gabor filter. B.E Scanley and T. E. Sadowski used an edge 
detector based on Gabor filter to detect the outline of the top surface of nanowires of zinc 
oxide images [7]. C. Adak combined Gabor filter and rough clustering to detect edges in 
images with soft computational approach [8]. K. R namuduri, R. Mehrotra and N. 
Ranganathan tested the performance of Gabor odd filter based edge detector using a 
measure proposed by Canny [9]. Gabor filter is utilized in this research as an edge 
detector, and the results are compared with other edge detectors. 
 
In this research, we use morphological operation to enhance the edge detection results. 
Mathematical Morphology is a set of theories, which were introduced by Matheron [10] 




as a method for analyzing a geometric structure. Serra [10] took a new approach by using 
it for image analysis.  Morphological operations are a series of morphological algebraic 
operations. The basic operations are defined as erosion, dilation, opening and closing. 
These operations are used in image processing to detect, modify and change the features 
of the image [10] [11]. A lot of research has been done using morphological operations. In 
[12] a blur minimum morphologic edge operator was presented to detect the edge and 
reducing the noise in the image. [13] Uses morphological operations for edge detection to 
eliminate the noise in color images. [14] Uses multiple structure elements for edge 
detection.  
In this research, we test the effect of using morphological operation for filling in the 
gaps between the edges as an edge enhancement method. In addition, we study how it can 
solve some of the edge detectors errors. This research also provides a comparison 
between the edge detectors before and after applying the edge enhancement method.  
Some researches compared some of the available edge detectors such as [15] and [16] 
However, none of these researches enhanced the edge detectors before the comparison. To 
study the impact of the edge enhancement method on other image processing operations, 
we choose nature and artificial image classification for the test. Image classification is one 
of the most important fields in image processing. Classifying images can help in organize 
photo collections based on the content of the image, improving scene and object 
recognition in robotics and much more. 
 Image classification can take different approaches such as classifying images to indoor 
and outdoor images and to nature and artifact images. M. Szummer and R.W. Picard 
introduced a method to classify images into indoor / outdoor images by computing 
features on sub blocks. These features were extracted from the histograms of Ohta color 
space also from a multiresolution autoregressive model and coefficient of shift invariant. 
They achieved 90.3% correct classification [17].  A. Payne and S. Singh proposed a new 
technique to classify images into indoor and outdoor by analyzing the straightness of the 
edges in the image [18]. The method introduced in [19] uses hue color features for each 
channel to create a unique vector. The vector is used along with KNN classifier to classify 
images into indoor and outdoor images.  




Many kinds of researches proposed new approaches to classifying natural and artificial 
images. Z.Wang and J. B. Arie presented a unique approach to detecting artificial objects 
in images using simple geometric shapes models and match it with the shape of the 
artificial objects [20]. G. Cao, X Yang and Z. Mao introduced a two-level evaluation 
process to detect artificial objects in aerial images [20]. In another attempt to identify 
artificial objects in natural scenery was done by Y. Caron, P. Makris and N. Vincent. They 
depended on the distribution of texture pattern in the image computed using Zipf’s law. 
The results show that artificial objects have simple texture and more flat areas [22] [23]. 
In 2013, a research was presented to classify artificial and natural objects in images using 
features extracted from the energy of low-level features such as color, frequency, and 
orientation [24]. M. Kim, C. Park, and K. Koo proposed a method to classify artificial and 
natural images based on textures and orientation extracted from Gabor filter [25]. J 
Tajima took on the approach of classifying images into natural or artificial using line 
features. He reported that the feature that gave the best result was line length ratio [26].  
This research presents a new approach to enhance conventional edge detectors by 
filling in the gaps between the edges and compare the result before and after applying it. 
The enhanced edge detectors are used to classify natural and artificial images using line 
feature. Experiments were conducted to determine the best threshold for each edge 
detector. 
 
1.3 Outline of This Research and Results 
Many works have been done on comparing edge detectors and image classification. 
However, none of the current researches checked the impact of enhancing edge detectors 
on other image processing operations. 
The first step in this research is to study the characteristics of standard edge detectors 
and to understand the problems of each one. The second step is to enhance these edge 
detectors and compare the results before and after applying the enhancement method. The 
enhancement is done by filling in the missing valid edge points in the image. By doing so, 
the edges will be connected to form a clean edge. 
  We also created a threshold to control the size of the gap filling between the edges. 




Such threshold is necessary to avoid bigger values, which can result in adding noise to the 
image. 
We compared the results of the standard edge detectors before and after applying the 
enhancement method. An evaluation method was used, and the results show that classical 
edge detectors can be improved by filling in the gaps between the edges. 
To study the impact of enhancing edge detectors on other image processing operations 
we performed nature/ artifact image classification. As mentioned above connecting the 
edges together affects the lines in the images. Thus, we choose to classify images to 
nature/ artifact images based on line features. The line feature depends on the percentage 
of short lines in the image. It is well known that natural images have more short lines than 
artificial images. We created a threshold to control the range of the short lines. 
We conducted experiments on 100 nature/ artifact images multiple times using different 
thresholds and different edge detectors before and after applying the enhancement 
method.  
Results show that enhancing edge detectors enhance the results of image classification 
as well. We repeated the experiments to find the ideal threshold for each edge detector to 
have high classification accuracy. We noticed that Sobel edge detector gives the highest 
classification accuracy when classifying natural images. In the other hand, using any edge 
detector with specific thresholds gave the highest classification accuracy when classifying 
artificial images. 
 
We believe that the enhancement method can affect other operations in image 
processing field. More tests are required using different operations and different edge 
detectors.  
 
1.4 Outline of This Paper 
This paper provides a comparison between commonly used edge detectors. The new 
method fills in the gaps between the edges to create a clean, connected edge and to solve 
edge detectors problem of missing valid edge points. 
This paper compares the result of edge detectors before and after applying the 




enhancement method. The comparisons results prove that filling in the gaps between the 
edges improves the edge to make it closer to the edge in the original image. 
This paper also provides a study on the impact of the enhancement method on image 
classification. The classification criteria were chosen based on line features to classify 
images into nature and artifact images. Results show that enhancing edge detectors can 
significantly improve the classification results. 
This paper shows the obtained results and ends up with a conclusion and future work. 
 
1.6 Structure of This Paper 
In chapter one, some basic knowledge edge detection and the background of this 
research with the previous researches are presented. In chapter two, classical edge 
detectors are introduced in detail. Chapter three explains the enhancement method used 
on edge detectors in addition to the comparison and the results in detail. In chapter four, 
image classification criteria and line features are explained in details in addition to the 
experiments and the results of the classification. At the end of this paper, the conclusion, 
summary of the results and suggestions for future works are presented in chapter five. 
Finally some of the testing results are attached in the appendix. 
 




Chapter Two: Edge Detection 
.  Edge detection is a technique used in image processing to extract features from the 
image and for image segmentation. It is often utilized in the field of image processing, 
computer vision, and machine learning. Many edge detectors have been proposed. 
However, some of these edge detectors have some problems and can be sensitive to noise.  
Enhancing edge detectors can affect other processes in image processing or, computer 
vision and machine learning. Edge detectors are filters that are convolved on the image. 
The kernels convolved on the image vary in sizes based on the detector.  
This section describes the most common edge detectors such as Sobel, Canny, Prewitt, 
Roberts, Laplacian of Gaussian and Gabor filter, which are used in this research. Few 
kinds of researches used filters as an edge detector such as Gabor filter. B.E Scanley and 
T. E. Sadowski used an edge detector based on Gabor filter to detect the outline of the top 
surface of nanowires of zinc oxide images [7]. C. Adak combined Gabor filter and rough 
clustering to detect edges in images with soft computational approach [8]. K. R namuduri, 
R. Mehrotra and N. Ranganathan tested the performance of Gabor odd filter based edge 
detector using a measure proposed by Canny [9]. Gabor filter is utilized in this research as 
an edge detector, and the results are compared with other edge detectors. Edge detectors 
can be grouped into two types, Gradient based edge detection and zero crossing based 
edge detection [3]. First we explain about each group and the edge detectors in details.  
 
2.1 Gradient Based Edge Detection   
Gradient-based edge detection is also known as the first order derivative of an image. 
The edges are detected by finding the maxima and minima in the first derivative. Then, 
the gradient magnitude is calculated vertically and horizontally. Sobel, Roberts cross, 
Canny and Prewitt edge detector are gradient based edge detectors.   
2.1.1 Sobel Edge Detector 
Sobel is first derivative based edge detector which calculates the gradient intensity of 
each point in the image. It uses two 3x3 Kernels and convolves them on the original 




image. [27] One kernel calculates the horizontal changes while the other one calculate the 














These kernels are symmetric across the center point and useful to calculate edge 
direction. The gradient magnitude is calculated using equation (1) and, the gradient 
direction can be calculated using equation (2). Sobel edge detector is often used because it 
has a better noise smoothing characteristics [1]. An example of Sobel edge detector is 
shown in Figure 1. 
  
  
a. Original image. b. Sobel edge detector result. 
Figure 1 An example of Sobel edge detector result. 
2.1.2 Roberts Cross Edge Detector 
Roberts cross edge detector was proposed by Lawrence Roberts in 1965 [28]. It is one 
of the first attempts to use 2D kernels to compute diagonal edges [28], and it is based on 
computing the first derivative of the image. Roberts cross detector uses the following 2x2 
kernels: 
  
𝐺𝑥 =  [
+1 0
0 −1
]   𝐺𝑦 = [
0 +1
−1 0
]    
 
(4) 
These kernels are applied separately on the image to calculate Gx and Gy. The gradient 
can be calculated using equation (1) and the direction of the gradient is calculated using 




equation (2). Figure 2 shows the result of applying Roberts cross edge detector on an 
image. 
  
a. Original image. b. Roberts cross edge detector result. 
Figure 2 An example of applying Roberts cross edge detector on an image. 
 
2.1.3 Canny Edge Detector 
John F. Canny developed canny edge detector in 1986 [29]. It was created based on 
three objectives: 1) low error rate. 2) Well localized edge points. 3) One response to single 
edge point [16].Canny edge detector takes the output of Sobel edge detector and then 
thins the edges to eliminate the gradient around the edge, which is done by finding the 
local maximum pixel across the edge of the whole image. A two-level threshold is used to 
remove the undesired edge, which can be considered as noise to get a clean edge image 
[6]. Canny edge detector is considered complex to implement and requires longer 
execution time [30]. Figure 3 shows the result of Canny edge detector. 
 
  
a. Original image. b. Result of Canny edge detector. 
Figure 3 An example of applying Canny edge detector on an image. 





2.1.4 Prewitt Edge Detector 
Prewitt edge detector [32] is similar to Sobel edge detector. It is based on computing 
the first derivative of the image. It detects edges in two directions vertical and horizontal. 















These kernels provide information related to the direction of the edge since it also 
focuses on the opposite side of the central point [33]. Equation (1) is used to calculate the 
gradient magnitude and equation (2) to calculate gradient direction. Prewitt detector is 
considered easy to implement. However, it is sensitive to noise [6]. Figure 4 shows an 
example of Prewitt edge detector result. 
  
  
a. Original image. b. Prewitt edge detector result. 
Figure 4 An example of applying Prewitt edge detector on an image 
 
2.2 Zero Crossing Based Edge Detection 
Zero crossing based edge detection also known as the second order derivative detect 
edges by locating the zero crossing in the second derivative in an image.  




2.2.1 The Laplacian of Gaussian (LoG) 
Laplacian operator detects the regions of intensity changes in the image. It also can 
detect noise in the image thus; it is smoothed first by applying Gaussian kernel [31]. The 
LoG equation used is as follows: 
  
  𝛻
2𝐺(𝑥, 𝑦) =  [
𝑥2+𝑦2−2𝛔2
𝛔2
 ] 𝑒− (𝑥
2+𝑦2)/2𝛔2 (5) 
The image is first convolved with the LOG kernel then zero crossing response is detected. 
A threshold is used to eliminate the weak zero crossing results.an example of applying 
LoG detector on an image is shown in Figure 5. 
  
  
a. Original image. b. Result of LoG edge detector. 
Figure 5 An example of applying LoG edge detector on an image. 
. 
2.3 Gabor Filters 
Gabor filters are bad-pass filters with tunable frequency, orientation, and bandwidth 
proposed by Dennis Gabor in 1946 [34]. The Fourier transform of Gabor filter is 
Gaussian shifted in frequency. It is often used for edge detection and texture segmentation. 
An image is filtered with Gabor-filter bank. A filter bank is a group of Gaussian filters 
each filter have different orientations, spatial frequencies, and phases. The filtering results 
of the phase pairs (real and imaginary) are combined and are known as the Gabor-energy 
[34].  
In this paper, we use 24 Gabor filter bank designed with the six orientations (0, 30, 60, 




90,120 and 150) and four different scales. Figure 6 shows the result of applying Gabor 
filter on an image. 
  
  
a. Original image. b. Result of Gabor energy. 
Figure 6 An example of applying Gabor filter on an image. 
 
2.4 The Difference between First Order Derivative and Second Order Derivative 
First order derivative is good for selecting strong edges by thresholding the gradient 
magnitude. It is simple to implement and the execution time is fast. It is capable of 
detecting edges and their direction. However, it is sensitive to noise and not accurate in 
locating edges. Discontinuity of the edges can happen in the first derivative operations 
[33] [2].  
Second order derivative is good for localizing the edge. It is computationally cheaper 
to implement. However, it does not provide information about the direction of the edge. 
There is a probability of false and missing edges. It is better than the first order derivative 
in localizing the edges [33] [2].  
2.5 Conclusion  
In this chapter, we learned about classical edge detectors (Sobel, Prewitt, Roberts, Canny, 
LoG, and Gabor). There are two categories for edge detection, first order derivative and 
second order derivative. Each edge detector has their advantage and disadvantage 
choosing the best edge detector can depend on the application. Canny edge detector is 




considered good in localizing edges. It also works fine with noisy images. However, it is 
time-consuming and complex to implement. Roberts’s edge detectors miss few edges, and 
it is sensitive to noise. Sobel edge detector detects thick edges and it is less affected by 
noise due to its smoothing characteristics. Laplacian of Gaussian requires large 
computational time but it detects noise in the image. Some of these edge detectors can be 



























Chapter Three: Edge Enhancement 
In the previous section, classical edge detectors were explained in details. These edge 
detectors have some problems such as the discontinuity of the edge and it is known that 
there are three majors edge detector errors as described by Pratt [2]. The first one is 
missing valid edge points. The second error is the failure to localize edge points and the 
last one is classifying noise fluctuation as edge points. In this section, we will explain an 
enhancement method to fix some of these problems. 
Morphological operations are used to enhance the edge detection results. Mathematical 
Morphology is a set of theories, which were introduced by Matheron [10] as a method for 
analyzing a geometric structure. Serra [10] took a new approach by using it for image 
analysis.  . A lot of research has been done using morphological operations. In [12] a blur 
minimum morphologic edge operator was presented to detect the edge and reducing the 
noise in the image. [13] Uses morphological operations for edge detection to eliminate the 
noise in color images. [14] Uses multiple structure elements for edge detection. Some 
researches compared some of the available edge detectors such as [15] and [16] However, 
none of these researches enhanced the edge detectors before the comparison. 
In this chapter, we test the effect of using morphological operation for filling in the 
gaps between the edges as an edge enhancement method. In addition, we study how it can 
solve some of the edge detectors errors. A comparison between the edge detectors before 
and after applying the edge enhancement method is presented in this chapter.  
 
3.1 Edge Enhancement Method 
One of the possible ways to enhance edge detection is by applying morphological 
operation [35]. The following steps were applied to the image: 
1. An edge detection operation is applied to the image.  
2. On the result of the edge detector, the ends of each line segment are located, and a 
circular shape is placed there.  
3. The radius of the circular shape is set to be the size of the gap between the edges 
divided by two.  




4. If the gap between the edges is close to the size of the circles, the two circles will 
overlap connecting the edges together.  
5. A thinning operation is applied to the circular shapes leaving a line of pixels 
connecting the edges together.  
6. The combination of the result of the edge enhancement method and the result of the 
edge detector is used for edge detection comparison. 
Figure 7 shows the flow chart of the enhancement process. The edge detectors used are 
the ones mentioned in chapter two. Line segmentation is done to locate the beginning and 
the end of each line. The circular shape is placed at the beginning and the end of each line. 
The radius of the circular shape is half of the gap size between the edges. A threshold 
determines the gap size, which can be set before applying the enhancement method. 
Figure 8 shows the expected results after using the enhancement method. As seen in 
Figure 8 the result of the edge detectors can have missing valid edge points that make the 
edge discontinued. By connecting the edges together, we can solve that problem. Figure 9 
and Figure 10 shows an example of the enhancement method on real images used with 
Sobel edge detector before and after the enhancement method.   
 
 





 Figure 7 Enhancement method flow chart.  
 
   
a. Original image. 
 
b. The result after applying 
an edge detector. Red 
circles indicates the 
discontinuity of the edge. 
c. The expected result after 
applying the enhancement 
method. 
Figure 8 The expected result of the enhancement method. 
 









a. Original image. 
b. Result of Sobel edge 
detector. 
c. Result of Sobel edge 
detector after applying 
the enhancement 
method. 
Figure 9 An example of edge enhancement result on artificial image. 
 
3.2 The Evaluation Method 
This section describes the method used to evaluate the result of the enhancement 
method. To compare the edge detectors before and after applying the enhancement 
method, we use Pratt’s figure of merit (PFOM) [2]. The equation for Pratt’s figure of 
merit is defined as follows: 







𝑖=1    (7) 
 
Where 𝐼𝐼 and 𝐼𝐴 is the number of actual edge pixels and the detected edge pixels, 
and d is the distance of the actual edge point to the detected edge point. The scaling 
constant a is set to
1
9
 as it is mentioned in the literature.   
 
  








a. Original image. 
b. Result of Sobel edge 
detector. 
c. Result of Sobel 




Figure 10 An example of edge enhancement result on natural image. 
 
3.3 Experiments and Results 
We conducted experiments to compare the results of edge detectors before and after 
using the enhancement method.  For testing, a simple hexagon image is used as an input 
image for the edge detectors as shown in Figure 11.a. The edge enhancement method is 
used with random gap size, and the output of that is used for to calculate Pratt’s figure of 
merit. The result of FOM used for a hexagon with lines thickness of 3 pixels is shown in 
Table 1. The gap size zero indicates the result without using the enhancement method. 
The ideal value for Pratt’s figure of merit is 1. Thus, if the value is closer to 1 the ideal the 
edge detector will be. 
 
Results show that the enhancement method enhanced the result of Prewitt, Sobel, LoG 
and Roberts at a gap size of 33. However, for canny, the result improved with bigger gap 
size. The result can vary based on the image used for the test. 
 
  





a. The line thickness is 3 pixels. b. The line thickness is 1 pixel. 
Figure 11 The hexagon used for testing. 
 




0 3 5 11 25 33 83 
Prewitt 0.5756 0.6001 0.6191 0.6739 0.8474 0.8479  
Sobel 0.5752 0.5920 0.6089 0.6657 0.7794 0.8475  
LoG 0.5700 0.5707 0.5707 0.6039 0.7480 0.8012  
Canny 0.6486 0.6486 0.6486 0.6486 0.6486 0.6486 0.9468 
Roberts  0.7790 0.7818 0.7863 0.7891 0.8465 0.9581  
Gabor   1 1 1 0.9998 0.9976 0.9953  
 
 To check if the line thickness would affect results, the same test was applied again on 
a hexagon image with lines thickness of 1 pixel as shown in Figure 11.b, the result of 
PFOM is shown in Table 2. As observed in Table 2 the enhancement method still 
improved the result of some of the edge detectors. It can also increase the noise in some 
edge detectors, which can affect the results. However, the results of Gabor filters in Table 
1, and Table 2 shows that Gabor filter can detect all the edges from the ideal image and it 
doesn’t need any enhancement in this case.  
 
 








0 3 5 11 25 33 83 
Prewitt 0.8951 0.9174 0.9162 0.9058 0.9001 0.8874  
Sobel 0.9000 0.9238 0.9238 0.9238 0.9332 0.9332  
LoG 0.7617 0.7571 0.7571 0.7183 0.7400 0.7072  
Canny 0.7949 0.7949 0.7949 0.7949 0.7949 0.7949 0.8374 
Roberts  0.9473 0.9443 0.9474 0.9427 0.9420 0.9401  
Gabor 1 1 1 1 1 1  
 
3.4 Conclusion 
We conducted experiments using the enhanced edge detectors on a simple hexagon 
images. The gap sizes were chosen randomly. Results show that first order derivative 
based edge detectors got improved this is because first order derivative edge detectors 
suffers from the discontinuity of the edges and by applying the enhancement method the 
problem is solved. The results of Laplacian of Gaussian edge detector were improved 
when the line thickness was 3 pixels. Gabor filter results were not improved after 
applying the enhancement method. The reason behind that can be that we used a simple 
image with a black background. Further testing on real images is done on the next 
chapter.   
. 




Chapter Four: Image Classification  
   There are many operations in image processing and computer vision field, which 
depends on edge detectors. Enhancing the edge detector would also affect the result of 
such operations. In this section, we study the impact of the edge enhancement method 
on image classification. Image classification can take different approaches such as 
classifying images to indoor and outdoor images and to nature and artifact images. M. 
Szummer and R.W. Picard introduced a method to classify images into indoor / 
outdoor images by computing features on sub blocks. These features were extracted 
from the histograms of Ohta color space also from a multiresolution autoregressive 
model and coefficient of shift invariant. They achieved 90.3% correct classification 
[17]. A. Payne and S. Singh proposed a new technique to classify images into indoor 
and outdoor by analyzing the straightness of the edges in the image [18]. Many kinds 
of researches proposed new approaches to classifying natural and artificial images. 
Z.Wang and J. B. Arie presented a unique approach to detecting artificial objects in 
images using simple geometric shapes models and match it with the shape of the 
artificial objects [20]. M. Kim, C. Park, and K. Koo proposed a method to classify 
artificial and natural images based on textures and orientation extracted from Gabor 
filter [25]. J Tajima took on the approach of classifying images into natural or artificial 
using line features. He reported that the feature that gave the best result was line length 
ratio [26].  This chapter focus on nature, and artifact image classification in particular 
since the first step in some image classification method is detecting the edges to extract 
features from the image. Experiments were conducted to determine the best threshold 
for each edge detector. 
 
4.1 Line Feature  
When looking at artifact and nature images, it is noticeable that the lines in nature 
images are short, distributed randomly while in artificial images, it is the exact 
opposite, the lines are long, and have a similar orientation. Images are classified to 
nature and artifact images using lines information. Tajima [26] introduced a method for 




image classification using line features. Among the features, he presented the line 
length ratio, which is the feature that gave the best classification result. This research 
introduces an attempt to classify images into nature and artifact images using edge 
enhancing method that was described earlier and the line length ratio. Figure 12 shows 
the flowchart of line feature.  
The following steps are applied to the image before calculating the line length ratio: 
1) The original image is converted from RGB to LAB color space, and the light 
image is extracted 
2) Gaussian filter is applied twice on the light image then the difference of 
Gaussian is calculated from the results of Gaussian filter. 
3) An edge detector is used on the image 
4) The edge enhancement method is applied on the edge detector result. 
5) The sum of edge detector result and edge enhancement .result is calculated to 
give the final image 
6) Line segmentation is applied to the final image to extract the lines. 
7) The line length ratio is calculated from the line segmentation result. 
The line length ratio is calculated based on the following formula:  
 
𝑋 =
∑ 𝑙 ∙ 𝑁𝑙
𝑙𝑡ℎ
𝑙𝑚𝑖𝑛







While l is the line length. Lmin is the shortest line length. Nl is the number of lines 
which have the line length l. Short line range is a threshold that should be specified 
before using the formula. 
 





Figure 12 Line feature flowchart 
 
4.2 Classification Criteria  
To classify images into nature and artifact images, we follow the steps shown in 
Figure 13. First, an input image is chosen, and an edge detector is applied to the image. 
The value of the gap size threshold is set, and the enhancement method is applied on 
the result of the edge detector. The value of short line range threshold is set then the 
formula of line length ratio is applied. If the result of the formula is bigger than 0.55, 
then it means that short lines are more than the long lines, so the image is nature image. 
If it is less than 0.55, then it is an artifact image since the long lines are less than short 
lines. 
 





Figure 13 Image classification flow chart. 
 
4.3 Experiments and results  
   We collected a sample of 50 images (25 natural, 25 artificial) to test the impact of 
using the enhancement method on nature/ artifact image classification. The images are 
resized to 1080 x 1080. Figure 14 shows natural images used for the experiments while 
Figure 15 shows the artificial ones. The experiments were conducted by testing natural 
images first using different edge detectors, different gap size values, and different short 
line ranges. Then the same experiments are performed again on artificial images. 
 
4.3.1 Experiments on Sobel edge detector  
First, a test was done using Sobel edge detector with a short line range from 4 pixels 
to 14 pixels and a gap size of 0, 4, 7 and 11. Gap size zero indicated that the 
enhancement method is not applied. The result of the line length ratio is shown in 
appendix Table I. 




The same test was conducted again with the same thresholds. However, this time 
using artificial images shown in Figure 15. Results are shown in Table 3. 
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Figure 14 Natural images used for the experiment 
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Figure 15 Artificial images used for the experiment 




Table 3 Sobel edge detector result on artifact images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.047896 0.01622 0.078893 0.031134 
27 0.043381 0.050309 0.260102 0.047134 
28 0.048411 0.048853 0.055409 0.042784 
29 0.213581 0.045259 0.363217 0.108282 
30 0.041289 0.042643 0.061593 0.048854 
31 0.057938 0.169652 0.109717 0.099307 
32 0.07192 0.044014 0.121306 0.067588 
33 0.172198 0.090125 0.099702 0.087795 
34 0.093581 0.147829 0.326636 0.198805 
35 0.040827 0.029577 0.024913 0.027554 
36 0.176681 0.073764 0.334186 0.06401 
37 0.069143 0.087042 0.075318 0.095883 
38 0.092779 0.101037 0.092056 0.063761 
39 0.058343 0.054365 0.074971 0.042562 
40 0.035762 0.05272 0.128726 0.044589 
41 0.046636 0.045805 0.075547 0.064405 
42 0.086585 0.040105 0.043214 0.071733 
43 0.100633 0.048346 0.11765 0.068243 
44 0.123408 0.071014 0.098433 0.111383 
45 0.014235 0.018031 0.026085 0.03219 
46 0.066845 0.06363 0.107367 0.044315 
47 0.030627 0.040432 0.076452 0.046903 
48 0.164576 0.069716 0.097874 0.297313 
49 0.582452 0.108751 0.165756 0.117775 




96% 100% 100% 100% 
 Correctly classified Misclassified 
 
The numbers in Table 3 are the short line ratio in the image. If the value of the short 
line ratio is bigger or equal to 0.55, then the image is considered as a natural image. If 
the value is less than 0.55, it means that there are few short lines in the image. 
Therefore, the image is classified as an artificial image. As seen in Table 3 the results 
show that the enhancement method improved Sobel edge detector when classifying 
artificial images. The classification percentage before applying the enhancement 




method was 96%. However, the percentage improved to 100% after applying the 
enhancement method. Image number 49 was misclassified when the gap size was 0 
because of the image as more short lines than long lines. After applying the 
enhancement method, the short lines were connected making the long lines rate higher 
than the short line range. 
 
The test was done again on natural images but, this time with a short line range from 
4 pixels to 20 pixels. With edge filling values of 0, 2, 3,7,11 and 17. Results are shown 
Table II. The same test was done again on artificial images. The results are shown in 
Table III.  
Another test was done with a new short line range from 4 to 24 pixels and with a gap 
size of 0, 4, 8, 12 and 17 pixels. The results using nature images are shown in Table IV.  
As seen in Table I, Table II and, Table IV the percentage is improving with bigger 
values of short line range. We applied the same experiment again on artificial images. 
The short line range was set to 4 to 24 pixels, and the gap size was set to 0, 4, 8, 12, 
and 17 pixels. Results are described in Table V. 
 
  An experiment was conducted again on natural images using short line range of 4- 
















Table 4 Sobel edge detector result on nature images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 
0 3 8 11 13 
Image 
number 
1 1 0.217844 0.78929 0.914109 0.485439 
2 0.921247 0.340281 0.887006 0.950349 0.950952 
3 1 0.121849 0.640033 0.837974 0.85387 
4 0.989222 0.731244 0.896486 1 0.986241 
5 0.798285 0.728057 0.841643 0.882008 0.428023 
6 1 0.239592 0.715435 0.850064 0.838956 
7 0.982646 0.082859 0.68533 0.918192 0.232867 
8 0.980828 0.379086 0.432737 0.946315 0.973072 
9 0.994725 0.187555 0.566444 0.744363 0.776542 
10 0.993142 0.218684 0.781102 0.80095 0.423657 
11 0.838956 0.784382 0.452297 0.948134 0.90679 
12 0.744404 0.708276 0.837381 0.818746 0.932768 
13 0.98402 0.450547 0.918213 0.961177 0.945228 
14 0.982866 0.439976 0.722692 0.80761 0.870039 
15 0.437393 0.181912 0.415022 0.542822 0.609597 
16 0.149557 0.134746 0.844415 0.930508 0.463512 
17 0.881303 0.625746 0.878552 0.934584 0.91122 
18 0.476002 0.301158 0.324149 0.967792 0.47423 
19 0.810341 0.193093 0.898659 0.969777 0.903466 
20 0.995364 0.393752 0.798402 0.917693 0.946986 
21 0.855688 0.389044 0.893003 0.966942 0.943085 
22 0.785207 0.343543 0.766563 0.885831 0.873715 
23 0.457709 0.344269 0.446162 0.96753 0.937409 
24 0.95159 0.289809 0.931549 0.966945 0.987594 




84% 24% 80% 96% 76% 
 Correctly classified Misclassified  
 
   As seen in Table 4 the classification percentage before using the enhancement 
method was 84% because 4 images were misclassified as artificial images. These 
images had many lines that are longer than 27 pixels. The percentage decreased 
significantly after increasing the gap size to 3 pixels reaching 24%. Which means there 
are many lines were filled connecting the edges together making the length of the lines 




bigger than 27 pixels. However, the percentage increased after increasing the gap size 
to 8 pixels reaching 80%, which indicates that the short lines with the length within the 
range of 4 to 27 increased. The percentage increased to reach 96% when the gap size 
was 11 pixels and decreased again when the gap size was set to 13 because the noise 
increased in the image. 
  
From the results of Table I, Table II, Table IV and, Table 4 it is noticeable that the 
highest percentage for classifying nature images using Sobel edge detector was 96% 
when the short line range was set to 4 – 27 pixels and the gap size was set to 11 pixels.  
 
The same test was done again on the artificial images with a short line range from 4 
to 27 pixels as shown in Table VI.  After observing Table 3, Table III, Table V and, 
Table VI, it is noticeable that the highest classification percentage for artificial images 
using Sobel edge detector is 100% with a short line range from 4 to 15 pixels and a gap 
size of 4, 7 and 11 pixels.  
 
4.3.2 Experiments on Prewitt edge detector  
Experiments were conducted on Prewitt edge detector as well. First, we used a 
short line range from 4 to 15 pixels and gap size of 0, 4, 7 and 11 pixels. Table VII 
shows the results of the classification. The same test was conducted again with the 
same values for the thresholds on artifact images. The results are described in Table 
5. 
 
Table 5 shows that the percentage did not change after applying the enhancement 
method with a gap size of 4 and 7 pixels. However, the percentage decreased from 
100% to 96% when the gap size is set to 11 pixels, which means that the 
enhancement method added noise to the image by connecting wrong edges together. 
However, the percentage is high when gap size is set to 0, 4 and 7. 
 
 




Table 5 Prewitt edge detector result on artifact images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.036109 0.027169 0.04459 0.026783 
27 0.04472 0.092895 0.140098 0.058457 
28 0.050609 0.052611 0.056976 0.036531 
29 0.094286 0.06739 0.119054 0.062985 
30 0.072569 0.058418 0.043 0.049238 
31 0.075682 0.126233 0.166618 0.107521 
32 0.065933 0.053261 0.102456 0.043651 
33 0.092901 0.060885 0.113165 0.042597 
34 0.095188 0.048912 0.160128 0.259937 
35 0.036712 0.021452 0.046031 0.027101 
36 0.122127 0.062584 0.12561 0.065769 
37 0.054322 0.151294 0.097112 0.072103 
38 0.078088 0.083591 0.080791 0.076497 
39 0.074059 0.027767 0.046538 0.044179 
40 0.033802 0.042017 0.066919 0.079318 
41 0.050464 0.043467 0.084636 0.075311 
42 0.064851 0.032573 0.063041 0.07223 
43 0.050544 0.03369 0.053537 0.06125 
44 0.070344 0.055726 0.162277 0.119214 
45 0.017971 0.016201 0.032376 0.034159 
46 0.029123 0.087677 0.058654 0.07145 
47 0.025832 0.041076 0.068796 0.04644 
48 0.079865 0.05822 0.437074 0.106471 
49 0.136667 0.210345 0.300877 0.76428 




100% 100% 100% 96% 
 Correctly classified Misclassified 
 
Another test was done on Prewitt edge detector with a short line range from 4 to 20 
pixels and a gap size of 0, 2, 3, 7, 11 and 17 on natural images. Table VIII shows the 
results.The same experiment was done again on artificial images. The classification 
results are shown in Table IX. 
Another test was conducted with a short line range from 4 to 24 pixels and a gap 
size of 0, 4, 7, 11 and 17 on nature and artifact images. The results of the natural 




images are shown in Table X. The same test was done again on artificial images as 
shown in Table XI.  
We tested Prewitt edge detector again using short line range of 4 to 27 pixels. The 
results in Table 6 shows the classification percentage on natural images.  
 
Table 6 Prewitt edge detector result on nature images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 
0 4 7 11 13 
Image 
number 
1 1 0.310242 0.552 0.918091 0.916334 
2 0.443185 0.678502 0.809839 0.889444 0.906472 
3 1 0.186421 0.413031 0.753051 0.888552 
4 0.978378 0.727854 0.847427 0.943959 0.999206 
5 0.772105 0.826247 0.271335 0.459568 0.939623 
6 1 0.337274 0.616579 0.907916 0.918594 
7 0.970604 0.23839 0.506907 0.775401 0.821549 
8 0.985063 0.445618 0.6751 0.977115 0.99133 
9 0.995805 0.212598 0.346915 0.645037 0.727956 
10 0.499153 0.313387 0.514159 0.853962 0.311969 
11 0.832279 0.859346 0.940399 0.971301 0.948619 
12 0.248042 0.180702 0.587091 0.832973 0.868083 
13 0.978729 0.293648 0.763873 0.961215 0.981087 
14 0.985691 0.48641 0.699055 0.764127 0.858589 
15 0.426228 0.078995 0.255523 0.437898 0.490003 
16 0.142168 0.192234 0.787567 0.86296 0.915602 
17 0.885119 0.77637 0.767794 0.984712 0.955579 
18 0.320593 0.328746 0.933205 0.989468 0.48375 
19 0.786221 0.25881 0.453159 0.480548 0.928972 
20 0.982336 0.596149 0.758137 0.942442 0.921851 
21 0.870164 0.551898 0.718841 0.910467 0.955102 
22 0.782226 0.437484 0.600711 0.430121 0.902081 
23 0.911539 0.78255 0.91014 0.959139 0.975534 
24 0.313907 0.649387 0.821756 0.978361 0.954318 




68% 40% 72% 84% 84% 
 Correctly classified Misclassified  
 




Table 6 shows that the classification percentage was 68% before applying the 
enhancement method because some images had more lines longer than 27 pixels. The 
percentage decreased to 40% after setting the gap size to 4 pixels because, the gaps 
between the short lines were filled in and the length of the lines grew bigger. The 
percentage started to increase after increasing the gap size to 7 pixels reaching 72%, 
which mean that the short lines are increasing in the images. The percentage continued 
to grow to reach 84% when the gap size was 11 and, 13 pixels. Which is the highest 
natural image classification percentage using Prewitt edge detector until now. 
 
The same experiment was conducted again on artificial images. The results are 
described in Table XII.   
 
The highest artificial images classification percentages using Prewitt edge detector 
were reached when the short line range was 4 to 15 pixels with a gap size of 0, 4 and 7. 
Therefore, when the short line range was from 4 to 20 pixels with a gap size of 2 and, 4 
pixels. 
 
4.3.3 Experiments on Roberts cross edge detector  
 
Experiments were conducted on Roberts’s edge detector using different short line 
ranges and gap sizes. First we tested short line range from 4 to 15 pixels and gap size 
of 0, 4, 7 and 11 pixels, Table XIII shows the results of the classification on nature 
images. The same test was conducted again with the same values for the thresholds on 
artifact images. The results are described in Table 7.  
 
Table 7 shows that the percentage before using the enhancement method was 100%, 
which means that all of the images have many, lines longer than 15 pixels. After 
applying, the enhancement method with a gap size of 4 pixels 1 image had more short 
lines than longer lines. The reason is that the image had short lines shorter than 4 
pixels and after the enhancement method was applied, these lines became long 




enough to be within the range. However, when we used a gap size of 7 and 11 pixels 
the percentage improved to 100%, which means that the lines are connected when the 
gap size is big 
Another test was done on Roberts’s edge detector with a short line range from 4 to 
20 pixels and a gap size of 0, 2, 3, 7, 11 and 17 on natural images. Results are shown in 
Table XIV. 
 
Table 7 Roberts’s edge detector result on artifact images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.018888 0.054159 0.097807 0.036893 
27 0.067455 0.073739 0.106436 0.079167 
28 0.019949 0.05494 0.097984 0.043274 
29 0.127334 0.110234 0.182812 0.041859 
30 0.04009 0.059356 0.149997 0.07164 
31 0.042292 0.124578 0.103498 0.095691 
32 0.051295 0.206995 0.108242 0.068759 
33 0.033803 0.212057 0.066695 0.036718 
34 0.105029 0.14972 0.383936 0.144362 
35 0.013832 0.041197 0.04389 0.034426 
36 0.199297 0.88664 0.277798 0.075032 
37 0.039672 0.077765 0.142596 0.04884 
38 0.063958 0.127866 0.088614 0.062925 
39 0.027937 0.087212 0.06304 0.044587 
40 0.046927 0.076006 0.094959 0.075617 
41 0.036845 0.053986 0.094215 0.045527 
42 0.050443 0.131351 0.117982 0.047306 
43 0.060877 0.135042 0.069542 0.086553 
44 0.049838 0.103049 0.205208 0.05183 
45 0.022324 0.043266 0.046576 0.031853 
46 0.040553 0.065927 0.037808 0.052007 
47 0.020907 0.113021 0.069748 0.043796 
48 0.057991 0.252336 0.412733 0.067867 
49 0.15984 0.392025 0.196513 0.192425 




100% 96% 100% 100% 
 Correctly classified Misclassified 





The same test was done on artificial images. The classification results are shown in 
Table 8. 
 
Table 8 Roberts’s edge detector result on artifact images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 0 2 4 7 11 17 
Image number 
26 0.236076 0.203495 0.209993 0.833651 0.245037 0.133567 
27 0.137089 0.382897 0.272552 0.796048 0.390263 0.119653 
28 0.096256 0.093923 0.086603 0.280894 0.166198 0.059093 
29 0.404871 0.474248 0.305421 0.954155 0.227889 0.091416 
30 0.182835 0.120312 0.177246 0.270414 0.073548 0.234867 
31 0.278576 0.246072 0.708267 0.156847 0.423545 0.098712 
32 0.187914 0.280122 0.889308 0.459014 0.454381 0.17566 
33 0.388705 0.887015 0.070395 0.308131 0.184941 0.285573 
34 0.119271 0.372476 0.798989 0.824811 0.114155 0.170084 
35 0.044588 0.20698 0.218368 0.144826 0.283093 0.095377 
36 0.619237 0.927922 0.9082 0.865457 0.162993 0.150391 
37 0.199513 0.210037 0.833439 0.445692 0.814288 0.154925 
38 0.638187 0.389806 0.416187 0.172774 0.209801 0.081964 
39 0.202904 0.260468 0.415467 0.173065 0.165502 0.063341 
40 0.054543 0.263 0.889044 0.448609 0.182753 0.097325 
41 0.048029 0.145298 0.092002 0.20356 0.091172 0.086482 
42 0.120076 0.246922 0.818142 0.21732 0.117714 0.109992 
43 0.16464 0.273094 0.876013 0.444614 0.153815 0.177315 
44 0.077918 0.4204 0.218817 0.432342 0.268139 0.365367 
45 0.085261 0.125344 0.142882 0.11555 0.085148 0.084111 
46 0.063162 0.122021 0.087979 0.064235 0.076564 0.092059 
47 0.118136 0.426135 0.217671 0.225464 0.098654 0.090632 
48 0.168424 0.372913 0.413664 0.886436 0.210192 0.255533 
49 0.551138 0.833589 0.429464 0.841558 0.869304 0.376653 




88% 88% 68% 72% 92% 100% 
 Correctly classified Misclassified 
 
The percentage in Table 8 was 88% before applying the enhancement method. 
Three images had more short lines than long lines. After using the enhancement 




method with a gap size 2 pixels, the results did not change, and the percentage was 
still 88%.However, after increasing the gap size to 4 pixels, the percentage reached 
68% because some images in this case 8 images had more short lines with a length 
less than 4 pixels. After the enhancement method was applied, the short lines became 
grew longer and are included in the range. Thus, increasing the gap size to 7 pixels 
connects such short lines together to form longer lines. The percentage continued to 
increase by increasing the gap size to 11 and 17 pixels reaching 92% and 100% 
respectively. 
 
Another test was done on Roberts’s edge detector with a short line range from 4 to 
24 pixels and a gap size of 0, 4, 7, 11 and 17 on nature and artifact images. The results 
of the natural images are shown in Table XV. The same test was done on artificial 
images as shown in Table XVI. 
 
We tested Roberts’s edge detector again using short line range of 4 to 27 pixels. The 
results in Table 9 shows the classification percentage on natural images.  
 
Table 9 shows that the classification percentage before applying the enhancement 
method was 72% because some images have lines longer than the range *4-27). The 
percentage decreased when the gap size increased to 4 pixels. The percentage reached 
88% when the gap size was set to 4 and 7 pixels. The percentage was increased 
because the short lines increased in some images. The increasements of short lines can 
happen when lines are originally shorter than the specified range and after the 
enhancement method the length of change to become within the range (4-27). However, 
the percentage decreased after increasing the gap size to 11 and 13 because the lines 










Table 9 Roberts’s edge detector result on nature images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 
0 4 7 11 13 
Image 
number 
1 0.646469 0.939729 0.881894 0.897488 0.915994 
2 0.303212 0.879563 0.93348 0.496679 0.495526 
3 0.778906 1 0.981414 0.478125 0.930307 
4 0.909977 0.917323 0.998551 1 0.959574 
5 0.797063 0.889282 0.915295 0.954057 0.962411 
6 0.750696 0.998892 1 0.960041 0.954455 
7 0.702607 0.982977 0.926831 0.991296 0.9353 
8 0.656977 1 1 0.957841 0.233472 
9 0.732915 0.930378 0.955861 0.979158 0.967075 
10 0.700437 0.921471 0.959873 0.955264 0.94988 
11 0.776321 0.968945 0.978201 0.48639 0.971162 
12 0.664886 0.906847 0.470085 0.932009 0.936848 
13 0.835429 0.996134 0.931127 0.963712 0.988259 
14 0.91044 0.991962 0.99656 0.996505 0.993959 
15 0.672527 0.979022 0.890289 0.901026 0.973587 
16 0.306635 0.448605 0.298038 0.810712 0.855829 
17 0.34885 0.894745 0.872424 0.912147 0.447091 
18 0.040134 0.423939 0.314781 0.153413 0.040599 
19 0.651016 0.880902 0.874271 0.480253 0.906695 
20 0.874613 0.958935 0.998909 0.968633 0.937134 
21 0.350694 0.935036 0.935398 0.947442 0.90313 
22 0.34534 0.908228 0.93331 0.946274 0.449329 
23 0.247215 0.496249 0.919554 0.930938 0.875761 
24 0.841485 0.956623 0.991392 0.941215 0.918889 




72% 88% 88% 80% 80% 
 Correctly classified Misclassified  
 
From the results of Table XIII, Table XIV, TableXV, and Table 9 the highest natural 
image classification percentage using Roberts’s edge detector is 88% when the short 
line range was from 4 to 27 pixels and the gap size of 4 and 7 pixels. 
Another experiment was conducted again on artificial images. The results are 




described in Table XVII. 
As observed in Table 7, Table 8, Table XVI, and Table XVII the highest artificial 
images classification percentages using Roberts’s edge detector were achieved when 
the short line range was 4 to 15 pixels with a gap size of 0, 7 and 11. Also, when the 
short line range was from 4 to 20 pixels and the gap size was set to 17 pixels. 
 
4.3.4 Experiments on Canny edge detector  
We tested canny edge detector using different thresholds, short line values, and gap 
sizes. For the first test, we used a short line range from 4 to 15 pixels and a gap size of 
0, 4, 7 and 11 pixels on natural images. Classification percentage is shown in Table 
XVIII.  
     
   The same test was conducted again with the same thresholds. However, this time 
using artificial images shown in Figure 15. Results are shown in Table 10. 
  
As observed in the results of Table 10, the classification Percentage before applying 
the enhancement method was 100%, and it did not change even after using the 
enhancement method, which can happen when the images have many lines, which are 
longer than 15 pixels. 
 
  The test was done again on natural images but, this time with a bigger short line 
range from 4 pixels to 20 pixels. The used edge filling values are 0, 2, 3, 7, 11 and 17. 
Results are shown in Table XIX. 
 
The same test was done again on the artificial images. The results are shown in Table 
11. As seen in Table 11 the classification percentage was 100% before applying the 
enhancement method because the length of the lines in the images is longer than the 
specified range. Thus, by increasing the gap size to 2 and 4, the percentage did not get 
affected. However, it dropped to 96% when the gap size was 7 pixels as the short lines 
increased in 1 image. The percentage returned to be 100% after increasing the gap size 




to 11 and 17 pixels meaning that the short lines in that image were connected and are 
longer than 20 pixels.   
 
Table 10 Canny edge detector result on artifact images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.050507 0.047313 0.032908 0.03636 
27 0.026041 0.025723 0.038584 0.041066 
28 0.030102 0.020038 0.023201 0.022117 
29 0.030688 0.048764 0.04953 0.066985 
30 0.035034 0.035509 0.03336 0.038175 
31 0.049165 0.029397 0.035825 0.028994 
32 0.02672 0.039927 0.034963 0.032928 
33 0.023416 0.024469 0.027221 0.031055 
34 0.030398 0.035899 0.032719 0.052121 
35 0.017625 0.016472 0.018003 0.016788 
36 0.04851 0.067104 0.05095 0.091083 
37 0.052474 0.025372 0.030309 0.029694 
38 0.029326 0.030729 0.028833 0.025966 
39 0.022135 0.019208 0.023608 0.019826 
40 0.034967 0.02241 0.023 0.020136 
41 0.042297 0.031975 0.033103 0.02597 
42 0.028012 0.03058 0.026246 0.027718 
43 0.020837 0.022381 0.023 0.025659 
44 0.035143 0.056826 0.098878 0.039414 
45 0.010423 0.013601 0.017538 0.013456 
46 0.050624 0.047582 0.040816 0.041826 
47 0.024196 0.015174 0.022483 0.016772 
48 0.253602 0.142011 0.067331 0.119263 
49 0.055575 0.031754 0.080393 0.05638 




100% 100% 100% 100% 
 Correctly classified Misclassified 
  
  We tested Canny edge detector again with different short line range. The new range 
is from 4 to 24 pixels and with a gap size of 0, 4, 8, 12 and 17 pixels. The results using 
nature images are shown in Table XX. 




Table 11 Canny edge detector result on artifact images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
26 0.085223 0.256211 0.079331 0.090913 0.091823 0.110147 
27 0.070138 0.283034 0.047128 0.045255 0.098765 0.121413 
28 0.076978 0.082273 0.059576 0.074061 0.083405 0.048682 
29 0.408508 0.21216 0.140476 0.09355 0.453249 0.18492 
30 0.104196 0.189025 0.112415 0.0661 0.073763 0.047253 
31 0.0965 0.101846 0.078231 0.089745 0.102321 0.098824 
32 0.141185 0.103806 0.088878 0.113707 0.388121 0.090135 
33 0.127424 0.171652 0.07239 0.067309 0.153581 0.078872 
34 0.158043 0.13885 0.095743 0.24807 0.159288 0.403826 
35 0.028721 0.039379 0.043027 0.051319 0.071802 0.034389 
36 0.124877 0.158482 0.145819 0.116944 0.107769 0.428884 
37 0.056448 0.096278 0.038898 0.074362 0.075205 0.053318 
38 0.108598 0.071533 0.080631 0.045036 0.102472 0.092102 
39 0.054932 0.036422 0.076803 0.069485 0.080205 0.028346 
40 0.06546 0.055221 0.092231 0.051948 0.056344 0.059512 
41 0.114179 0.073631 0.09935 0.132111 0.075798 0.047743 
42 0.060565 0.048565 0.070948 0.045111 0.162427 0.0405 
43 0.130707 0.078411 0.084418 0.061163 0.098022 0.04501 
44 0.178685 0.126669 0.229766 0.187717 0.126074 0.100943 
45 0.02341 0.02689 0.069475 0.283151 0.086539 0.041425 
46 0.092238 0.100352 0.044445 0.035894 0.111491 0.050267 
47 0.054359 0.048114 0.049058 0.061749 0.062522 0.081332 
48 0.408601 0.187951 0.194836 0.099845 0.221197 0.217431 
49 0.187837 0.258876 0.35191 0.796611 0.139925 0.429553 




100% 100% 100% 96% 100% 100% 
 Correctly classified Misclassified 
The same experiment was conducted on artificial images. Results are shown in Table 
XXI. 
 
   An experiment was conducted again using short line range of 4- 27 pixels. The 
result is shown in Table 12 the classification percentage before using the enhancement 
method was 56% because some images have more lines that are longer than the range. 




The percentage increased to 68% when the gap size was set to 4 pixels because some 
images had short lines shorter than 4 pixels and after using the enhancement, the length 
of these lines change and it affects the result. The percentage continued to improve 
when the gap size was set to 7 and 11 pixels reaching 72%. The percentage decreased 
after using the gap size 13 pixels reaching 68%. 
 
The highest percentage for natural image classification using Canny edge detector is 
72% when the short line range is set to 4 to 27 pixels and the gap size of 8 and 11 
pixels.  
 
The same test was done on the artificial image as shown in Table XXII. 
 
The highest classification percentage for artificial images using Canny edge detector is 
100%. The short line range was from 4 to 15 pixels, and the gap size was 0, 4, 7 and 11 
pixels. Also, short line range from 4 to 20 pixels, with a gap size 0, 2, 4, 11 and 17 
pixels. 
 
1.3.2 Experiments on Laplacian of Gaussian edge detector 
The same experiments were conducted on LoG edge detector as well.  First, we 
used a short line range from 4 to 15 pixels and gap size of 0, 4, 7 and 11 pixels. Table 
XXIII shows the results of the classification. The same test was conducted again with 













Table 12 Canny edge detector result on nature images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 
0 4 7 11 13 
Image 
number 
1 0.997716 0.873626 0.918426 0.937072 0.978176 
2 0.439994 0.44251 0.301535 0.935284 0.947891 
3 0.992622 0.844428 0.921753 0.966578 0.988038 
4 0.931831 0.31092 0.922234 0.479095 0.322312 
5 0.25061 0.753722 0.783193 0.838473 0.145392 
6 0.994155 0.859199 0.836967 0.942087 0.481936 
7 0.313791 0.29501 0.428175 0.961808 0.933407 
8 0.976037 0.910745 0.930471 0.975906 0.970651 
9 0.475074 0.827034 0.900883 0.964038 0.942419 
10 0.469027 0.882288 0.848175 0.955075 0.476798 
11 0.768804 0.135536 0.819886 0.448254 0.921382 
12 0.85122 0.767594 0.876588 0.914576 0.904356 
13 0.911322 0.861186 0.917732 0.941773 0.989105 
14 0.965222 0.855614 0.878848 0.917264 0.965558 
15 0.294409 0.756583 0.259611 0.942346 0.957372 
16 0.688306 0.350914 0.245857 0.383189 0.419844 
17 0.88147 0.803618 0.894521 0.915732 0.951647 
18 0.209322 0.100572 0.107094 0.186205 0.475911 
19 0.273215 0.862521 0.429827 0.458345 0.311182 
20 0.315815 0.909031 0.897486 0.931194 0.960333 
21 0.939131 0.856012 0.85369 0.917958 0.949219 
22 0.439076 0.29135 0.903775 0.310113 0.4715 
23 0.889834 0.910654 0.453452 0.478628 0.96381 
24 0.929143 0.870796 0.909147 0.931513 0.944538 




56% 68% 72% 72% 68% 
 Correctly classified Misclassified  
 
 








Table 13 LoG edge detector result on artifact images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.054434 0.037394 0.047743 0.028392 
27 0.050698 0.02874 0.042952 0.034172 
28 0.01873 0.042895 0.049335 0.02404 
29 0.084537 0.090964 0.079714 0.045506 
30 0.045311 0.03461 0.055979 0.027241 
31 0.034552 0.100128 0.051956 0.038574 
32 0.045842 0.041356 0.037498 0.051737 
33 0.025901 0.059258 0.03274 0.035986 
34 0.055342 0.099745 0.098217 0.03987 
35 0.033812 0.025231 0.058274 0.02593 
36 0.048007 0.101722 0.077603 0.089 
37 0.042369 0.034306 0.064887 0.058757 
38 0.047065 0.02276 0.044707 0.036185 
39 0.014305 0.034684 0.03547 0.017597 
40 0.020494 0.032758 0.056312 0.040997 
41 0.030606 0.046599 0.041879 0.028724 
42 0.033934 0.031453 0.062881 0.029737 
43 0.030695 0.029127 0.039297 0.016849 
44 0.093815 0.061125 0.055459 0.044915 
45 0.013161 0.011546 0.016263 0.019931 
46 0.025773 0.027949 0.041834 0.031644 
47 0.020354 0.029097 0.040975 0.022758 
48 0.272665 0.143582 0.071035 0.043471 
49 0.067648 0.071247 0.337726 0.042136 




100% 100% 100% 100% 
 Correctly classified Misclassified 
 
Table 13 shows that the percentage did not change after applying the enhancement 
method. However, the percentage is at its maximum with all the gap sizes. Meaning 
that most of the lines are longer than the specified range, which is from 4 to 15 pixels.  
 
Another test was done on LoG edge detector with a short line range from 4 to 20 
pixels and a gap size of 0, 2, 3, 7, 11 and 17 on natural images. Table XXIV Shows the 





The same experiment was done again on artificial images. The classification results are 
shown in Table 14. 
 
Table 14 LoG edge detector result on artifact images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 0 2 4 7 11 17 
Image number 
26 0.085335 0.129103 0.178993 0.075067 0.085833 0.09691 
27 0.597905 0.320409 0.160387 0.308476 0.108607 0.079545 
28 0.070572 0.067135 0.102324 0.196158 0.074386 0.045417 
29 0.323583 0.675068 0.113062 0.168463 0.14272 0.172696 
30 0.137755 0.092045 0.085198 0.111592 0.111153 0.037883 
31 0.112512 0.112426 0.250883 0.152062 0.372242 0.075808 
32 0.334975 0.702788 0.120185 0.107924 0.13769 0.075077 
33 0.08573 0.072222 0.132587 0.123793 0.116127 0.058235 
34 0.149397 0.169614 0.234051 0.189879 0.385577 0.263994 
35 0.074262 0.090854 0.122562 0.102562 0.094191 0.035227 
36 0.068221 0.176093 0.766158 0.271002 0.211935 0.090633 
37 0.044415 0.058396 0.045214 0.213923 0.10906 0.06834 
38 0.247138 0.091204 0.054148 0.111387 0.07622 0.075096 
39 0.061058 0.128329 0.064617 0.0502 0.062612 0.052265 
40 0.075255 0.067524 0.120692 0.06191 0.110072 0.048432 
41 0.059172 0.270293 0.098297 0.07543 0.048181 0.061304 
42 0.536293 0.188853 0.08116 0.145565 0.098932 0.05386 
43 0.071368 0.070292 0.064978 0.132777 0.094639 0.039075 
44 0.088937 0.154953 0.2195 0.140618 0.204078 0.082844 
45 0.022386 0.022467 0.024236 0.04072 0.046304 0.023138 
46 0.087366 0.143035 0.213391 0.065176 0.075537 0.040584 
47 0.078616 0.065247 0.084667 0.058424 0.052792 0.033427 
48 0.609694 0.354238 0.255193 0.826175 0.215307 0.063775 
49 0.263959 0.580193 0.611183 0.35994 0.409896 0.157819 




92% 88% 92% 96% 100% 100% 
 Correctly classified Misclassified 
 
As observed in Table 14 the percentage before applying the enhancement method 
was 92% because most of the lines are longer than the specified range 4 to 20 pixels. 




After using the enhancement method with a gap size of 2 pixels, the percentage 
decreased to 88% because some short lines increased in some images. However, the 
percentage returned to 92% when the gap size increased to 4 pixels meaning that the 
short lines started to be connected. The percentage improved after increasing the gap 
size to 7 pixels because more lines are connected forming lines longer than 20 pixels. 
The percentage reached its maximum when the gap size was set to 17 pixels.  
A test was done on LoG edge detector with a short line range from 4 to 24 pixels and 
a gap size of 0, 4, 7, 11 and 17 on nature and artifact images. The results of the natural 
images are shown in Table XXV. The same test was done on artificial images as shown 
in Table XXVI. 
 
We tested LoG edge detector again using short line range of 4 to 27 pixels. The 
results in Table 15 shows the classification percentage on natural images. Table 15 
shows that the classification percentage before applying the enhancement method was 
52%, which indicates that some images have, lines longer than the range. The 
percentage improved to 80% after using the enhancement method with a gap size of 4 
pixels stating that the short lines increased in some images. Short lines can increase 
when the lines that were shorter than the range become longer enough to be included in 
the range. The percentage decreased to 76% when the gap size increased to 7 pixels, 
which indicate that the lines in some images are connected and are longer than 27 
pixels. The percentage continued to decrease to 64% when the gap size was 11 pixels, 
but it increased again when the gap size was 13 pixels. 
 
The highest percentage reached for classifying natural images using LoG edge 
detector is 80% when the short line range was set to 4 to 27 and the gap size was set to 









Table 15 LoG edge detector result on nature images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 
0 4 7 11 13 
Image 
number 
1 0.383698 0.776618 0.784107 0.894456 0.882649 
2 0.788067 0.831498 0.827132 0.878764 0.918338 
3 0.647513 0.650221 0.698679 0.781459 0.800512 
4 0.418851 0.453131 0.950509 0.933654 0.950449 
5 0.747645 0.78954 0.836907 0.307884 0.233876 
6 0.765156 0.842412 0.845273 0.895869 0.916327 
7 0.748953 0.795216 0.82306 0.914783 0.927273 
8 0.768292 0.440902 0.855991 0.456515 0.918892 
9 0.798227 0.74932 0.904882 0.967622 0.948957 
10 0.330245 0.69981 0.784471 0.861571 0.880653 
11 0.358295 0.4061 0.440874 0.47072 0.471226 
12 0.733474 0.651016 0.840895 0.879125 0.912378 
13 0.132993 0.7066 0.276302 0.794433 0.817843 
14 0.260708 0.850462 0.847792 0.936424 0.966415 
15 0.67832 0.715713 0.764904 0.411393 0.419719 
16 0.637899 0.243613 0.783153 0.875365 0.90423 
17 0.733876 0.796626 0.82403 0.447045 0.895073 
18 0.508829 0.585385 0.327212 0.265355 0.821325 
19 0.359733 0.83291 0.850055 0.299961 0.893958 
20 0.810477 0.872927 0.931055 0.945496 0.959098 
21 0.270227 0.89576 0.887802 0.93506 0.467849 
22 0.25486 0.138557 0.222957 0.933809 0.464963 
23 0.748768 0.808667 0.421279 0.887145 0.950591 
24 0.278982 0.939207 0.471034 0.487695 0.971225 




52% 80% 76% 64% 80% 
 Correctly classified Misclassified  
 
The same experiment was conducted again on artificial images. The results are 
described in Table XXVII.   
 
. The highest artificial images classification percentages using LoG edge detector 
were reached when the short line range was 4 to 15 pixels with a gap size of 0, 4, 7 and 




11. In addition, when the short line range 4 to 20 pixels with a gap size of 11 and 17.  
 
1.3.3 Experiments on Gabor filter 
The same tests were conducted again on Gabor filter. First, a short line range from 4 
to 15 pixels and gap size of 0, 4, 7 and 11 pixels is used. Table XXVIII shows the 
results of the classification.The same test was conducted again with the same 
thresholds. However, this time using artificial images Results are shown in Table 16 
 
As seen in Table 16 the results show that the classification percentage before 
applying the enhancement method was 100%, which indicates that all the images have 
many lines longer than the range. Thus, after applying the enhancement method with a 
gap size of 4 and 7 pixels, the percentage did not change at all. However, when the gap 
size was set to 11 pixels, the percentage decreased to 96% because the short lines in 1 
image increased.  
 
  The test was done again on natural images but, this time with a short line range from 
4 pixels to 20 pixels. With edge filling values of 0, 2, 3,7,11 and 17. Results are shown 
in Table XXIX. The same test was done again on the artificial images. The results are 
shown in Table XXX. 
     
  We tested Gabor filter again with different short line range. The new range is from 4 
to 24 pixels and with a gap size of 0, 4, 8, 12 and 17 pixels. The results using nature 












Table 16 Gabor filter result on artifact images using short line range from 4 pixels to 
15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.012056 0.035623 0.067389 0.023469 
27 0.056655 0.062441 0.040726 0.049939 
28 0.032624 0.047545 0.059995 0.021184 
29 0.032636 0.110973 0.110399 0.050029 
30 0.077577 0.278686 0.062675 0.084585 
31 0.040368 0.055314 0.078449 0.065355 
32 0.159876 0.30336 0.148762 0.565531 
33 0.082031 0.095564 0.110686 0.063096 
34 0.075161 0.13913 0.136471 0.187151 
35 0.018062 0.080992 0.062032 0.029273 
36 0.03443 0.058061 0.033581 0.009419 
37 0.088268 0.102869 0.083856 0.110255 
38 0.071505 0.187239 0.195815 0.058806 
39 0.032931 0.115772 0.036225 0.043797 
40 0.044566 0.077156 0.078114 0.068931 
41 0.075824 0.416003 0.148553 0.116032 
42 0.018782 0.144101 0.057198 0.034801 
43 0.054697 0.238102 0.110663 0.074356 
44 0.098591 0.317133 0.136782 0.058594 
45 0.20645 0.100067 0.434711 0.077254 
46 0.049028 0.436131 0.308771 0.109696 
47 0.026166 0.0703 0.035589 0.019626 
48 0.251712 0.430723 0.200314 0.529983 
49 0.114288 0.527064 0.181678 0.397911 




100% 100% 100% 96% 
 Correctly classified Misclassified 
 
The same experiment was conducted on artificial images. Results are shown in Table 
XXXII. An experiment was conducted again using short line range of 4- 27 pixels. The 












0 4 7 11 13 
Image 
number 
1 0.153683 0.676927 0.498625 0.130248 0.349534 
2 0.329003 0.769578 0.641114 0.550749 0.57641 
3 0.16383 0.706455 0.446318 0.359547 0.165475 
4 0.560319 0.851674 0.853965 0.835319 0.258417 
5 0.466082 0.589465 0.650382 0.660186 0.680838 
6 0.148147 0.625602 0.441135 0.340884 0.308352 
7 0.102156 0.581141 0.357777 0.255968 0.114678 
8 0.103804 0.607459 0.482345 0.40065 0.133873 
9 0.12676 0.590287 0.458307 0.326634 0.28082 
10 0.142669 0.628923 0.411779 0.309713 0.291195 
11 0.538261 0.679629 0.611714 0.687134 0.639 
12 0.382678 0.555312 0.613456 0.679105 0.681446 
13 0.382067 0.742319 0.709092 0.597466 0.619498 
14 0.082936 0.642026 0.535961 0.403998 0.443274 
15 0.127695 0.646343 0.437591 0.165803 0.315869 
16 0.243179 0.557189 0.560167 0.612904 0.563447 
17 0.400549 0.771145 0.374409 0.613427 0.655921 
18 0.051064 0.491333 0.390041 0.336801 0.31306 
19 0.218513 0.847771 0.90059 0.801862 0.392964 
20 0.308904 0.701965 0.670341 0.609227 0.566232 
21 0.079275 0.512052 0.412378 0.114895 0.206684 
22 0.168319 0.662055 0.4896 0.423447 0.186527 
23 0.233676 0.610566 0.54732 0.515872 0.503514 
24 0.355581 0.707707 0.656867 0.59659 0.557356 




8% 92% 44% 44% 40% 
 Correctly classified Misclassified  
 
  As seen in Table 17 the classification percentage increased from 8% to 92% with the 
enhancement method because many images started to have more short lines after the 
enhancement. The percentage began to decrease by increasing the gap size reaching 
44% when the gap size was 7 and 11 pixels and 40% when the gap size was 13 pixels.  
 




  The highest percentage for natural image classification using Gabor filter was 92% 
when the short line range was set to 4 to 27 pixels and a gap size of 3 pixels. The same 
test was done on artificial image as shown in Table XXXIII. 
 
The highest classification percentage for artificial images using Gabor filter is 100% 
with a short line range from 4 to 15 pixels and a gap size of 0, 4 and 7 in addition to a 
short line range from 4 to 24 and from 4 to 27 pixels with a gap size of 0.  
 
4.4 Conclusion 
 This section explains the summary of the results for all of the edge detectors used in 
this research. As observed from Table I to Table XXXIII the thresholds can affect the 
results of the edge detectors. The best threshold for classifying natural and artificial 
images are determined based on the experiments.  
 
25 nature images and 25 artificial images were collected for the test. The image size 
was set to 1080 x 1080 pixels. The gap size and the short line range were determined 
after preliminary tests. The tested short line ranges are 4 to 15, 4 to 20 and 4 to 27. The 
gap size was set to 0, 2, 4, 7, 11 and 17. The gap size 0 means that the edge 
enhancement method is not applied to the edge detector. The test was done on six edge 
detectors using different line ranges and gap sizes to determine the best threshold for 
each edge detector. Nature image classification results as shown in Table 18 which 
indicates that Sobel edge detector had the best result to classify nature images with 
96% correct classification when the threshold was set to 4- 27 for short line range and 
a gap size of 11. Figure 16 shows the percentage difference before and after applying 



















96% 92% 88% 84% 80% 72% 
Short line 
range 
4-27 4-27 4-27 4-27 4-27 4-27 
Gap size 11 4 4 7 11 13 13 7 11 
 
For artificial image classification, the results were high for almost all of the edge 
detectors with different gap sizes, and short line ranges. Table 19 shows the result of 
Sobel, Roberts, Prewitt and LoG while Table 20 shows the results for Gabor and 
Canny.   
 
Table 19 Artificial image classification results using Sobel, Roberts, Prewitt and LoG. 
Edge 
detector 
Sobel Roberts Prewitt LoG 
Classificatio
n percentage 





4-15 4-20 4-15 4-20 4-15 4-20 4-15 
Gap size 4 7 11 17 0 7 11 2 4 0 4 7 11 
1
7 




Table 20 Artificial image classification result using Gabor and Canny. 




Short line range 4-24 4-27 4-15 4-20 4-15 
Gap size 0 0 0 4 7 0 2 4 11 17 0 4 7 11 
 
As observed in Table 19 and Table 20 the best threshold for artificial image 
classification is a short line range from 4 to 15 with a gap size 7. Therefore, the best 




edge detector for nature image classification is Sobel with a threshold of 4 to 27 and 
gap size 11. As for artificial images, results show that any edge detector with a 
threshold of 4-15 and gap size seven will give an efficient result. Figure 16 shows the 
percentage of each edge detector in the ideal threshold (short line range) before and 
after applying the enhancement method for natural images. It is noticeable that the 
classification result was improved for all of the edge detectors. Figure 17 shows the 
percentage difference before and after applying the enhancement method on artifact 
images using each edge detector. The ideal short line range is 4-15 which gives an 















Sobel Roberts Prewitt LoG Gabor Canny
before applying edge enhancment after applying edge enhancment





Figure 17 Artificial image classification percentage before and after applying the 
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Chapter Five: Conclusion 
In this section, we summarized our study on the impact of edge enhancement on 
nature and artifact image classification. We explained everything we have done in the 
process from the enhancement method to the results in details. Results show that the 
enhancement method improves the results of nature and artifact image classification. 
In This research we used classical edge detectors such as Sobel, Prewitt, Roberts, 
Canny, LoG, and Gabor filters . There are two categories for edge detection, first order 
derivative and second order derivative. Each edge detector has their advantage and 
disadvantage choosing the best edge detector can depend on the application. Canny 
edge detector is considered good in localizing edges. It also works fine with noisy 
images. However, it is time-consuming and complex to implement. Roberts’s edge 
detectors miss few edges, and it is sensitive to noise. Sobel edge detector detects thick 
edges and it is less affected by noise due to its smoothing characteristics. Laplacian of 
Gaussian requires large computational time but it detects noise in the image. Some of 
these edge detectors can be enhanced using post process. Gabor filter is odten used for 
feature extraction however, in this research it was used as an edge detector. A 
morphological edge enhancement method was presented o enhance edge detectors by 
filling in the gaps between the edges which solves the edge discontinuity problem.  
To study the effect of the enhancement method on the edge detectors, an experiments 
were conducted using the enhanced edge detectors on a simple hexagon images. The 
gap sizes were chosen randomly. Results show that first order derivative based edge 
detectors got improved this is because first order derivative edge detectors suffers from 
the discontinuity of the edges and by applying the enhancement method the problem 
was solved. The results of Laplacian of Gaussian edge detector were improved when 
the line thickness was 3 pixels. Gabor filter results were not improved after applying 
the enhancement method. The reason behind that can be because we used a simple 
image with a black background. To test the impact of the enhancement method on 
image classification, experiments with real images were conducted. 25 nature images 
and 25 artificial images were collected for the test. The image size was set to 1080 x 




1080 pixels. The gap size and the short line range were determined after preliminary 
tests. The tested short line ranges are 4 to 15, 4 to 20 and 4 to 27. The gap size was set 
to 0, 2, 4, 7, 11 and 17. The gap size 0 means that the edge enhancement method is not 
applied to the edge detector. The test was done multible times on six edge detectors 
using different line ranges and gap sizes to determine the best threshold for each edge 
detector. Nature image classification results shows that Sobel edge detector had the 
best result to classify nature images with 96% correct classification when the threshold 
was set to 4- 27 for short line range and a gap size of 11. For artificial image 
classification, the results were high for almost all of the edge detectors with different 
gap sizes, and short line ranges. the best threshold for artificial image classification is a 
short line range from 4 to 15 with a gap size 7. Therefore, the best edge detector for 
nature image classification is Sobel with a threshold of 4 to 27 and gap size 11. As for 
artificial images, results show that any edge detector with a threshold of 4-15 and gap 
size seven will give an efficient result. Results show that enhancing edge detectors can 
significantly improve the classification results. 
 
5.1 Summary of This Study 
In this research, we described the differences between conventional edge detectors 
as well as Gabor filter and evaluated them based on their results. A morphological 
enhancement method is used on the results of the detectors to enhance the edge 
detection. The evaluation of the edge enhancement method is done using Pratts figure 
of merit. The results show that the enhancement method can improve the result of the 
edge detectors based on the edge gap value. Therefore, higher gap size can be 
considered as noise, since it will connect the wrong edges together. Nature and artifact 
image classification were conducted before the edge enhancement method and after to 
check the influence of the enhancement method on the classification result. The 
experiment was done several times to determine the best threshold for each edge 
detector. Results show high classification rate for both artifact and nature images. The 
best edge detector used for nature image classification is Sobel with a threshold of 4 to 
27 and gap size 11. As in the artificial images, any edge detector can be used with a 




threshold of 4-15 and gap size of 7 will give an efficient result. Enhancing edge 
detectors can have a great impact on the process used after it as seen in the results. As 
well as, enhancing the result of image classification will improve the result of the 
operation used after it. For example improving image classification accuracy means 
that object recognition or photo categorization will also improve.   
 
5.2 Summary of This Paper 
This paper presented the classical edge detectors and their characteristic in details. It 
also presented a way to enhance the results of each edge detector. The enhancement 
method fills in the gaps between short edges to create clean edge. The results of the 
enactment method were described in details. This paper also provides a comparison 
between the enhanced edge detectors.  This paper also explains in details the impact of 
enhancing each edge detector on image classification. Enhancing edge detectors can 
enhance the process used after it. In this paper, we classified images into nature and 
artifact images based on line features using edge enhancement. The results of the 
classification are described in details.  Experiments were conducted to find the ideal 
thresholds for each edge detectors to have a high accuracy classification. This paper 
provides the best edge detector used to classify nature and artificial image using the 
enhancement method. A comparison between the results with and without the 
enhancement method was also provided. 
 
5.3 Future Works 
Edge detectors have three major errors some are sensitive to noise and some misses 
valid edge points or even fail to localize the edge. Some research suggest smoothing 
filters to reduce the noise in the image before applying edge detection. However, none 
of the researches tried to solve the missing valid edge points. In this research, we 
presented a method to solve that problem. However, there are still some problems that 
are not solved yet, such as the failure to localize the edges. In this research, we studied 
the impact of enhancing edge detector on nature and artifact images. However, other 
image processing method needs to be tested to check if the enhancement process can 




also affect the results of such process. In addition, other classification criteria should 
be under the test to check if the enhancement method can have an impact on it. The 
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This section contains the rest of the tables for the images classifications experiments. 
1. Sobel edge detector experiment. 
Table I. Sobel edge detector result on nature images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.991143 0.335193 0.295773 0.438075 
2 0.101056 0.122247 0.405359 0.147908 
3 0.99403 0.213986 0.114554 0.159059 
4 0.179095 0.367122 0.449563 0.158743 
5 0.120787 0.100486 0.234578 0.109155 
6 0.978687 0.368988 0.291928 0.081248 
7 0.901862 0.094679 0.17797 0.086286 
8 0.941093 0.552071 0.410758 0.127742 
9 0.951611 0.273566 0.208263 0.063987 
10 0.313845 0.055973 0.268151 0.127475 
11 0.118268 0.111884 0.419174 0.424426 
12 0.077319 0.549882 0.671193 0.361925 
13 0.096814 0.082093 0.118911 0.092912 
14 0.297868 0.5194 0.674422 0.127266 
15 0.751961 0.070074 0.079878 0.101111 
16 0.103349 0.139772 0.224396 0.406502 
17 0.124945 0.159485 0.823026 0.87489 
18 0.085294 0.13503 0.114493 0.047303 
19 0.067288 0.065697 0.117834 0.085597 
20 0.310638 0.237682 0.725824 0.223233 
21 0.194227 0.556718 0.126691 0.148982 
22 0.217468 0.060254 0.119389 0.050286 
23 0.095345 0.092537 0.424788 0.307908 
24 0.822027 0.110892 0.406882 0.09098 




32% 8% 16% 4% 
 Correctly classified Misclassified 
As observed in Table I, the shaded parts are the misclassified images. Results show 
that the classification percentage is low using the gap size 0, 4, 7 and 11. The 




classification percentage decreased from 32% to 4% when the gap size increase. When 
increasing the gap size, the edges are connected. However, some wrong edges can 
connect causing noise in the images, and it can affect the classification. Thus, the used 
short line range value (4 to 15 pixels) is not suitable to be used on nature images with 
Sobel edge detector. 
Table II Sobel edge detector result on nature images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 3 7 11 17 
Image 
number 
1 0.995247 0.233788 0.217462 0.294329 0.89207 0.316858 
2 0.272302 0.203141 0.158081 0.849634 0.909662 0.314203 
3 1 0.127975 0.121849 0.453797 0.255178 0.096631 
4 0.959788 0.778275 0.718026 0.893054 0.48927 0.239018 
5 0.176896 0.723322 0.32426 0.378412 0.819856 0.443572 
6 0.992435 0.242815 0.238876 0.562868 0.271088 0.284408 
7 0.948547 0.161691 0.162552 0.521812 0.218504 0.218965 
8 0.481015 0.214708 0.374547 0.829385 0.44862 0.127637 
9 0.974774 0.185129 0.185485 0.413234 0.695697 0.172647 
10 0.978209 0.237821 0.215452 0.562858 0.195468 0.185352 
11 0.355514 0.708895 0.69801 0.875172 0.906133 0.217405 
12 0.305938 0.649267 0.591817 0.358295 0.818129 0.85477 
13 0.944029 0.499548 0.441543 0.422391 0.298404 0.238408 
14 0.958477 0.467448 0.434936 0.661535 0.805093 0.291091 
15 0.2746 0.090366 0.172197 0.330001 0.487875 0.171967 
16 0.127064 0.240063 0.237082 0.3768 0.281633 0.287323 
17 0.202704 0.584376 0.59076 0.853412 0.852196 0.232529 
18 0.305634 0.283939 0.587463 0.30017 0.176946 0.076047 
19 0.369461 0.234249 0.23313 0.850265 0.848611 0.293488 
20 0.489777 0.428379 0.393252 0.733598 0.304777 0.890372 
21 0.819544 0.42061 0.373914 0.805748 0.897794 0.445667 
22 0.35836 0.170406 0.320328 0.323441 0.162767 0.145364 
23 0.851059 0.358033 0.646171 0.845076 0.913099 0.315968 
24 0.447607 0.206118 0.182801 0.82826 0.939855 0.23326 




48% 20% 24% 52% 48% 12% 
 Correctly classified Misclassified 
As seen in Table II, the classification percentage of Sobel edge detector on nature 




images with short line range from 4 to 20 pixels without the enhancement method is 
48%. The percentage improved a little when increasing the gap size. Reaching the 
highest of 52% when the gap size is 7. The percentage decreased to 20% when the gap 
size was 2 pixels because the lines in some images such as image 1,3, 6,7, etc., were 
connected making short lines less than long lines. The same thing happened when the 
gap size was set to 3 pixels. The noise in the image increased when the gap size was 17 
pixels because the wrong edges are connected. However, the percentage improved with 
a gap size of 7 pixels. 
 
As observed in Table III the classification percentage before applying the 
enhancement method was 84%. The enhancement improved reaching 96% when the 
gap size was 2, 3 and 17 because some images had many short lines. However, after 
applying the enhancement method, the edges are connected forming long lines, which 
improve the results. Before applying the enhancement method, there were 4 images, 
which are misclassified. However, after filling in the gap with a size 2, 3 and, 17, the 
number of misclassified images decreased to 1 image. When using the gap size 7 and 
11, the percentage decreased because some images have more short lines. The reason 
behind it is the short line range start from 4 to 20 in this case; there might be. Some 
lines which are shorter than the range. However, after applying the enhancement 
method, these lines were connected forming a short line within the short line range. In 
general, the enhancement method enhanced Sobel edge detector when the gap size was 













Table III Sobel edge detector result on artifact images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 3 7 11 17 
Image 
number 
26 0.101465 0.137078 0.032848 0.087276 0.097328 0.127698 
27 0.091837 0.221466 0.203858 0.39867 0.285418 0.220052 
28 0.1024 0.282911 0.16906 0.233424 0.08855 0.135013 
29 0.183725 0.12196 0.330029 0.744128 0.29195 0.299717 
30 0.127324 0.152741 0.139596 0.141162 0.124437 0.101982 
31 0.66515 0.155556 0.281803 0.349379 0.828136 0.172426 
32 0.157605 0.068063 0.127279 0.320763 0.383933 0.143646 
33 0.380765 0.105858 0.18932 0.083601 0.275192 0.110453 
34 0.184615 0.105423 0.253562 0.215203 0.200519 0.171374 
35 0.107406 0.197921 0.565379 0.243606 0.089454 0.085207 
36 0.924499 0.181662 0.335319 0.683983 0.789583 0.881615 
37 0.239584 0.086377 0.257269 0.411679 0.19241 0.206975 
38 0.120725 0.695685 0.162531 0.355978 0.162783 0.090568 
39 0.180361 0.064704 0.400498 0.207389 0.131446 0.167194 
40 0.105982 0.146284 0.139549 0.164609 0.163347 0.288507 
41 0.171204 0.068039 0.097969 0.164158 0.108757 0.096399 
42 0.324856 0.108558 0.129769 0.205708 0.360724 0.394502 
43 0.132057 0.279915 0.173801 0.716102 0.452583 0.107683 
44 0.238385 0.093021 0.217548 0.349744 0.160904 0.277361 
45 0.12555 0.082713 0.170876 0.074973 0.093634 0.103464 
46 0.104383 0.101422 0.126984 0.114663 0.115445 0.054774 
47 0.062916 0.066895 0.062296 0.096423 0.061516 0.082409 
48 0.589935 0.209085 0.062643 0.266252 0.314502 0.360909 
49 0.320603 0.324867 0.076654 0.347408 0.421528 0.210765 




84% 96% 96% 88% 92% 96% 











Table IV Sobel edge detector result on nature images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 8 12 17 
Image 
number 
1 0.997376 0.974644 0.7885 0.974644 0.979545 
2 0.886492 0.979438 0.8812 0.979438 0.973903 
3 1 0.393265 0.64 0.393265 0.182183 
4 0.977509 0.966271 0.8939 0.966271 0.327914 
5 0.765359 0.286159 0.2083 0.286159 0.461035 
6 0.994637 0.83679 0.7149 0.83679 0.439222 
7 0.969627 0.311955 0.6838 0.311955 0.459188 
8 0.971758 0.482926 0.4327 0.482926 0.937773 
9 0.992511 0.751155 0.5659 0.751155 0.885829 
10 0.993142 0.278264 0.7783 0.278264 0.945376 
11 0.397333 0.915431 0.8944 0.915431 0.9152 
12 0.342986 0.911713 0.8216 0.911713 0.894208 
13 0.968954 0.955389 0.9149 0.955389 0.977516 
14 0.979125 0.876091 0.721 0.876091 0.894183 
15 0.839802 0.558817 0.2064 0.558817 0.715228 
16 0.345452 0.894524 0.8268 0.894524 0.458804 
17 0.429186 0.917042 0.8744 0.917042 0.963038 
18 0.466801 0.116243 0.9678 0.116243 0.470586 
19 0.789121 0.874017 0.8906 0.874017 0.462962 
20 0.992423 0.454066 0.7977 0.454066 0.910316 
21 0.833436 0.933339 0.8899 0.933339 0.926767 
22 0.753654 0.282299 0.76163 0.282299 0.461719 
23 0.443769 0.931153 0.8879 0.931153 0.971296 
24 0.932099 0.980745 0.9282 0.980745 0.966601 




76% 68% 88% 68% 64% 
 Correctly classified Misclassified  
 
As observed in Table IV there were 6 misclassified images before applying the 
enhancement method. The classification percentage was 76% because the misclassified 
images had many long lines than short lines. After using the enhancement method with 
a gap size of 4 pixels, the percentage decreased to 68% because 9 images were 
misclassified. The reason for the misclassification might be because there are many 




lines with the length of 24 pixels and after applying the enhancement method, they 
become longer than 24 pixels, and they will be considered as artificial images. The 
same thing happened when the gap size was 12 and, 17 pixels. However, when the gap 
size was set to 8 pixels, the percentage improved to 88%. The reason is that the lines 
length in some images were even shorter than 4 pixels and, after applying the 
enhancement method with a gap size of 8 pixels these lines were connected forming 
lines with sizes within the range of 4 to 24 pixels. 
Table VSobel edge detector result on artifact images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 0 4 8 12 17 
Image number 
26 0.167165 0.306717 0.5709 0.306717 0.673856 
27 0.25833 0.448283 0.2787 0.448283 0.455216 
28 0.083072 0.087175 0.1286 0.087175 0.123367 
29 0.936393 0.940678 0.7633 0.940678 0.185059 
30 0.112166 0.167681 0.0696 0.167681 0.152084 
31 0.688099 0.432557 0.2688 0.432557 0.302496 
32 0.407852 0.818508 0.3718 0.818508 0.896813 
33 0.200325 0.444511 0.4105 0.444511 0.912028 
34 0.257349 0.403847 0.7429 0.403847 0.898248 
35 0.103992 0.213813 0.2798 0.213813 0.225781 
36 0.947331 0.815531 0.761 0.815531 0.917229 
37 0.198763 0.8402 0.8605 0.8402 0.288248 
38 0.7716 0.857179 0.2069 0.857179 0.213015 
39 0.382055 0.835967 0.3605 0.835967 0.291325 
40 0.196866 0.281908 0.4279 0.281908 0.449517 
41 0.186733 0.394664 0.2608 0.394664 0.409007 
42 0.172963 0.787091 0.3251 0.787091 0.205966 
43 0.168127 0.462634 0.4017 0.462634 0.898106 
44 0.390443 0.266972 0.2682 0.266972 0.291019 
45 0.910991 0.146713 0.1614 0.146713 0.86612 
46 0.549505 0.144979 0.1365 0.144979 0.745672 
47 0.186005 0.143686 0.3701 0.143686 0.28814 
48 0.677157 0.667085 0.6169 0.667085 0.756437 
49 0.340284 0.427832 0.821 0.427832 0.44074 




76% 64% 72% 64% 68% 
 Correctly classified Misclassified  




Table V shows that the classification percentage before applying enhancement 
method is 76% because 6 images were misclassified as nature images. The 
misclassified images have many short lines longer lines. However, after applying the 
enhancement method, the short lines increased in some images making the 
classification percentage decrease to 64%. Because there are some lines which are 
shorter than the range and after applying the enhancement method, these lines grows to 
the length within the short line range, which is from 4 to 24 pixels in this case. Lines, 
which are shorter than 4 pixels, are not included in the calculation of the short line 
range. However, after the enhancement method, the length of these lines are changed, 
and they can affect the results. 
 
As observed in Table VI the classification percentage before applying the 
enhancement method was 52% meaning that many images have more short lines than 
longer ones. The percentage increased to 84% when the gap size was 3 pixels. Thus, 
many of these short lines were connected forming longer lines. However, the 
percentage started to decrease after increasing the gap size. The reason behind it is that 
the short lines that were not longer than 4 pixels got longer enough to be within the 


















Table VI Sobel edge detector result on artifact images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 0 3 8 11 13 
Image number 
26 0.701352 0.297888 0.195087 0.169032 0.21294 
27 0.20265 0.336451 0.845813 0.150105 0.129002 
28 0.690246 0.094742 0.159211 0.835146 0.399462 
29 0.9432 0.335783 0.768497 0.923656 0.943569 
30 0.598408 0.096575 0.319545 0.342764 0.690365 
31 0.705448 0.203306 0.822436 0.895073 0.878253 
32 0.41853 0.184753 0.253199 0.834372 0.439839 
33 0.417405 0.61818 0.279358 0.441314 0.898076 
34 0.787534 0.541143 0.761142 0.884187 0.867127 
35 0.387257 0.084877 0.431152 0.296489 0.880478 
36 0.951867 0.342018 0.766183 0.823536 0.885391 
37 0.209107 0.569151 0.881966 0.431469 0.413318 
38 0.398413 0.237431 0.421211 0.883225 0.873874 
39 0.265549 0.4346 0.730238 0.285741 0.280531 
40 0.409782 0.611571 0.866224 0.429011 0.881824 
41 0.29206 0.325589 0.801134 0.856843 0.412952 
42 0.713742 0.411986 0.65993 0.789058 0.396401 
43 0.867385 0.563545 0.813325 0.977087 0.930565 
44 0.820414 0.238731 0.405479 0.43621 0.795985 
45 0.310858 0.535968 0.273038 0.906909 0.225029 
46 0.565705 0.406205 0.688792 0.256435 0.248615 
47 0.096952 0.320927 0.759388 0.174159 0.295942 
48 0.147234 0.431244 0.319304 0.232703 0.231626 
49 0.715854 0.335057 0.829122 0.911343 0.90057 




52% 84% 44% 48% 52% 











2. Prewitt edge detector experiment  
Table VII Prewitt edge detector result on nature images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.989513 0.307835 0.546782 0.220828 
2 0.220632 0.138885 0.372882 0.082091 
3 0.99415 0.061918 0.081666 0.102613 
4 0.435086 0.680057 0.206898 0.222723 
5 0.192573 0.078755 0.235171 0.115634 
6 0.977217 0.111265 0.609225 0.107929 
7 0.147717 0.228555 0.164431 0.119371 
8 0.463034 0.216199 0.219935 0.115081 
9 0.934763 0.102809 0.340353 0.060569 
10 0.307692 0.100314 0.167323 0.164896 
11 0.119156 0.084651 0.41654 0.145173 
12 0.166223 0.368282 0.494323 0.358799 
13 0.05298 0.088032 0.245965 0.08333 
14 0.293993 0.456648 0.675346 0.144769 
15 0.369404 0.035177 0.120689 0.050792 
16 0.047631 0.10472 0.221916 0.18359 
17 0.082875 0.229019 0.183165 0.113827 
18 0.071009 0.078402 0.130146 0.057568 
19 0.050921 0.078027 0.161973 0.066306 
20 0.302435 0.285895 0.74252 0.301421 
21 0.257786 0.515762 0.232083 0.139996 
22 0.092775 0.032543 0.080845 0.071658 
23 0.188649 0.229124 0.290086 0.30298 
24 0.393307 0.580849 0.394209 0.459915 




16% 8% 12% 0% 
 Correctly classified Misclassified 
 
Results in Table VII show that the classification percentage before using the 
enhancement method was 16%, which indicates that most of the images have lines that 
are longer than the specified range, which is from 4 to 15 pixels. Therefore, applying 
the enhancement method connects the edges together forming longer lines. That is why 




the percentage decrease when increasing the gap size. The classification percentage 
using short line range from 4 to 15 pixel is significantly low when classifying nature 
images. Thus, testing nature images with different line range is necessary. 
 
Table VIII Prewitt edge detector result on nature images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
1 0.998204 0.207542 0.310242 0.552 0.911238 0.156942 
2 0.390477 0.187709 0.627129 0.782603 0.870833 0.309711 
3 0.997641 0.105918 0.186223 0.411903 0.746544 0.069248 
4 0.946703 0.702816 0.718575 0.840048 0.932954 0.190776 
5 0.169133 0.363695 0.246633 0.379141 0.877384 0.440775 
6 0.991892 0.201037 0.336297 0.3081 0.898007 0.307832 
7 0.932464 0.133693 0.234758 0.503921 0.253466 0.430028 
8 0.480054 0.1072 0.440729 0.673616 0.964042 0.223004 
9 0.972153 0.138187 0.209782 0.345627 0.635259 0.186962 
10 0.969246 0.223685 0.154196 0.508862 0.424684 0.319482 
11 0.353178 0.667894 0.776014 0.889458 0.312586 0.150184 
12 0.620984 0.516271 0.466481 0.270678 0.265226 0.258975 
13 0.231381 0.109836 0.570185 0.756293 0.949855 0.238353 
14 0.941511 0.200927 0.478053 0.692721 0.377381 0.175529 
15 0.201075 0.066634 0.152281 0.251216 0.143103 0.193762 
16 0.148367 0.337733 0.654379 0.72765 0.407504 0.406191 
17 0.136166 0.129762 0.365782 0.377959 0.480454 0.184821 
18 0.102446 0.100035 0.323687 0.464552 0.486204 0.053408 
19 0.172203 0.159084 0.237872 0.431493 0.231594 0.294956 
20 0.960257 0.461365 0.588476 0.754115 0.933948 0.156854 
21 0.835529 0.417811 0.534257 0.356193 0.297332 0.874646 
22 0.358111 0.296028 0.103983 0.586614 0.418382 0.282401 
23 0.210626 0.2375 0.247707 0.896164 0.473329 0.472734 
24 0.876406 0.188194 0.312649 0.812419 0.481927 0.18367 




52% 8% 24% 52% 40% 4% 
  Correctly classified Misclassified 
 
The results in Table VIII shows that the percentage before applying the enhancement 




method was 52% meaning that some images had long lines originally and after using 
the enhancement method with a gap size of 2 pixels the percentage decreased to 8%. 
Which means that some lines became longer after the enhancement. However, the 
percentage improved to reach 24% when the gap size was 4 pixels because short lines 
in some images increased. The percentage reached 52% after setting the gap size to 7 
pixels. However, the percentage decreased after using the gap size 11 and 17 pixels, 
which indicate that, the lines are connected forming more longer lines.  
 
As seen in Table IX the percentage before applying the enhancement method was 
88%, and it was improved to 100% when the gap size was set to 2 and 4 pixels because 
short lines were connected reaching a length bigger than 20 pixels. The percentage 
decreased after increasing the gap size to 7 pixels because short lines increased by 
connecting lines shorter than 4 pixels. These lines reached a length in the range from 4 
to 20 pixels. However, some of these lines got longer after increasing the gap size to 11 
pixels, which improved the percentage to 84% and to 96% when the gap size was set to 
17 pixels.  
 
Table X shows that the percentage before applying the enhancement method was 
72%. Also, after applying it with a gap size 4, the percentage dropped to 32% because 
many short lines in some images became connected and formed lines longer than the 
range, which is from 4 to 24 pixels. The percentage increased again after increasing the 
gap size to 7 pixels reaching 64%, which means that the lines with a length less than 4 
pixels became longer to be within the range. The percentage continued to increase for 
the same reason reaching 72%. However, it decreased again when the gap size was 17 
pixels meaning that the noise is increasing. The percentage did not improve after the 
enhancement method since the percentage was 72% before applying it and after 
applying it with a gap size of 11 pixels. Thus, the short line from 4 to 24 is not suitable 
for classifying nature images in this case. 
 
 




Table IX Prewitt edge detector result on artifact images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
26 0.146838 0.105549 0.04018 0.059643 0.163467 0.171511 
27 0.066312 0.192348 0.095641 0.247691 0.298418 0.093913 
28 0.119418 0.468332 0.18435 0.33673 0.089411 0.079246 
29 0.114578 0.105463 0.422222 0.735439 0.144201 0.306188 
30 0.248803 0.191904 0.200683 0.085599 0.10853 0.111286 
31 0.205888 0.282105 0.200514 0.358872 0.20101 0.284228 
32 0.149488 0.152671 0.083451 0.651126 0.753808 0.118716 
33 0.368356 0.132398 0.185672 0.357805 0.304102 0.224544 
34 0.082552 0.147922 0.452478 0.683999 0.278882 0.16659 
35 0.079744 0.129446 0.311424 0.162903 0.217087 0.07042 
36 0.897251 0.181127 0.451792 0.323426 0.823341 0.293434 
37 0.117452 0.472491 0.26285 0.090894 0.433685 0.168708 
38 0.176489 0.332068 0.168233 0.155585 0.207798 0.137948 
39 0.232713 0.207071 0.151406 0.605975 0.204132 0.203918 
40 0.117731 0.172877 0.531092 0.11138 0.096128 0.201569 
41 0.125308 0.092106 0.14311 0.657126 0.152227 0.061169 
42 0.161966 0.076487 0.216989 0.598111 0.111134 0.264272 
43 0.082659 0.071786 0.495097 0.677586 0.229901 0.113041 
44 0.16441 0.14096 0.171823 0.136719 0.128455 0.076861 
45 0.098018 0.190429 0.100506 0.121792 0.291397 0.077657 
46 0.132571 0.053792 0.135186 0.559059 0.235285 0.065088 
47 0.06697 0.057554 0.072843 0.098637 0.108544 0.089122 
48 0.581103 0.161847 0.116663 0.470686 0.587372 0.705448 
49 0.625117 0.156828 0.460848 0.636958 0.823041 0.276578 




88% 100% 100% 56% 84% 96% 











Table X Prewitt edge detector result on nature images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 7 11 17 
Image 
number 
1 1 0.308965 0.552 0.916695 0.485836 
2 0.857038 0.663342 0.797735 0.440906 0.968438 
3 1 0.18709 0.412711 0.751705 0.435802 
4 0.967592 0.694993 0.846438 0.942547 0.98154 
5 0.730492 0.792336 0.793017 0.905355 0.920856 
6 0.995379 0.331179 0.616579 0.906245 0.949468 
7 0.953993 0.237649 0.506081 0.771117 0.298968 
8 0.977321 0.437316 0.674558 0.486968 0.310879 
9 0.987465 0.216652 0.346915 0.321479 0.386328 
10 0.988491 0.319471 0.51279 0.853962 0.98102 
11 0.393354 0.409615 0.461119 0.96051 0.937425 
12 0.688655 0.16305 0.560093 0.815295 0.814489 
13 0.959207 0.578301 0.190522 0.479045 0.977793 
14 0.975203 0.504209 0.697249 0.761245 0.906846 
15 0.819615 0.157851 0.254104 0.434151 0.607284 
16 0.655933 0.368745 0.381064 0.843374 0.433963 
17 0.288407 0.690262 0.765854 0.975695 0.960611 
18 0.188889 0.164441 0.932688 0.985365 0.234782 
19 0.25187 0.754989 0.884591 0.474628 0.927052 
20 0.977643 0.574984 0.758137 0.939745 0.484287 
21 0.427646 0.528382 0.717367 0.904387 0.454736 
22 0.75009 0.432091 0.19825 0.284367 0.178513 
23 0.445327 0.394351 0.904185 0.956739 0.485203 
24 0.915948 0.656028 0.819302 0.97088 0.956674 




72% 32% 64% 72% 56% 











Table XI Prewitt edge detector result on artifact images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 0 4 7 11 17 
Image number 
26 0.16274 0.135799 0.552299 0.681412 0.243107 
27 0.237878 0.341132 0.769396 0.457364 0.879785 
28 0.127217 0.144643 0.231386 0.13818 0.105661 
29 0.932834 0.439508 0.740286 0.872998 0.949407 
30 0.109621 0.443064 0.133451 0.341524 0.359205 
31 0.645539 0.647685 0.737954 0.826103 0.896447 
32 0.262136 0.552743 0.334848 0.772873 0.288026 
33 0.155855 0.287064 0.246247 0.937666 0.463032 
34 0.693334 0.555564 0.703378 0.28705 0.884949 
35 0.101817 0.240168 0.430351 0.226587 0.299563 
36 0.456599 0.481621 0.325056 0.836209 0.916596 
37 0.192275 0.079498 0.745464 0.891361 0.148905 
38 0.189861 0.363796 0.799815 0.430495 0.174603 
39 0.368359 0.474586 0.156133 0.839628 0.283335 
40 0.084349 0.143673 0.801507 0.224599 0.279076 
41 0.18205 0.629254 0.343363 0.199272 0.771707 
42 0.134657 0.224358 0.20588 0.397373 0.823723 
43 0.803254 0.564933 0.695341 0.943313 0.470445 
44 0.361784 0.557291 0.696763 0.462752 0.299509 
45 0.456541 0.245529 0.251504 0.179782 0.223336 
46 0.139534 0.085476 0.289142 0.244164 0.692894 
47 0.239991 0.191436 0.123962 0.158956 0.844899 
48 0.327848 0.381226 0.495097 0.204368 0.373502 
49 0.654955 0.239508 0.332342 0.845139 0.867663 




72% 76% 60% 60% 60% 
 Correctly classified Misclassified  
. 
The classification percentage in Table XI was 72% before applying the 
enhancement method, and it improved reaching 76% after applying it with a gap size 
of 4 pixels because the line length changed in some images. However, the percentage 
decreased to 60% after increasing the gap size to 11 and, 17 pixels because short lines 
with a length within the range of 4 to 24 pixels increased in some photos. 
 




Table XII Prewitt edge detector result on artifact images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 0 4 7 11 13 
Image number 
26 0.686311 0.412933 0.566865 0.174725 0.17041 
27 0.189715 0.320152 0.782757 0.31053 0.232388 
28 0.167047 0.121462 0.143338 0.211325 0.444468 
29 0.472856 0.429136 0.371496 0.87732 0.964952 
30 0.582918 0.226971 0.275202 0.233541 0.247774 
31 0.224862 0.336489 0.747885 0.839711 0.916639 
32 0.816571 0.555417 0.67685 0.783819 0.853127 
33 0.271555 0.611106 0.187353 0.947514 0.475632 
34 0.721576 0.493994 0.711821 0.438865 0.912723 
35 0.153472 0.120436 0.88784 0.461186 0.921508 
36 0.462937 0.458473 0.654495 0.841822 0.916189 
37 0.407372 0.580104 0.759118 0.451123 0.30243 
38 0.196653 0.747549 0.813543 0.439034 0.928825 
39 0.129383 0.50228 0.633703 0.857477 0.437654 
40 0.200017 0.196517 0.271459 0.908698 0.871456 
41 0.144497 0.645018 0.707781 0.408941 0.836388 
42 0.711181 0.231051 0.62314 0.266546 0.431612 
43 0.833506 0.542711 0.705373 0.953807 0.971335 
44 0.380065 0.570623 0.710125 0.930761 0.964392 
45 0.464879 0.753004 0.192221 0.455642 0.930024 
46 0.28922 0.442667 0.293976 0.372287 0.378666 
47 0.094207 0.595944 0.318665 0.405681 0.169813 
48 0.346969 0.406741 0.513801 0.208387 0.685618 
49 0.68829 0.507343 0.677224 0.432382 0.901523 




72% 68% 40% 64% 44% 
 Correctly classified Misclassified  
 
Table XII shows that the classification percentage before using the enhancement 
method was 72% since 7 images have more short lines than long lines. However, after 
using a gap size of 4 pixels, the percentage decreased to 68%, which means that short 
lines in the images increased. The percentage continued to decrease after increasing the 
gap size to 7 pixels. However, the percentage increased when the gap size was set to 11 
pixels reaching 64%. Some lines were connected and formed lines longer than 27 




pixels. When the gap size was set to 13 pixels, the percentage decreased to 44%, which 
indicate that these images originally had many lines shorter than 27 pixels.  
 
3. Roberts cross edge detector experiment 
Table XIII Roberts’s edge detector result on nature images using short line range from 
4 pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.318939 0.934727 0.215178 0.08846 
2 0.118777 0.159826 0.218522 0.29763 
3 0.770802 0.991531 0.238227 0.048394 
4 0.168379 0.890666 0.973445 0.152484 
5 0.202169 0.126964 0.271959 0.16322 
6 0.73804 0.493929 0.162758 0.065475 
7 0.323406 0.483215 0.179864 0.047268 
8 0.613642 0.328114 0.320501 0.117582 
9 0.35061 0.913887 0.183771 0.172325 
10 0.164189 0.451767 0.935859 0.123274 
11 0.204384 0.851526 0.172048 0.408479 
12 0.448257 0.185549 0.262328 0.154764 
13 0.375813 0.241233 0.180551 0.0621 
14 0.268109 0.478537 0.481171 0.302865 
15 0.192849 0.466532 0.421952 0.071515 
16 0.140818 0.362265 0.152283 0.165791 
17 0.074968 0.433324 0.279936 0.165898 
18 0.006056 0.051753 0.027481 0.007048 
19 0.062259 0.10012 0.160618 0.118709 
20 0.409828 0.949089 0.245328 0.100175 
21 0.153368 0.297413 0.297835 0.093337 
22 0.093016 0.105577 0.110319 0.054418 
23 0.126528 0.308954 0.127223 0.214123 
24 0.145465 0.298198 0.235143 0.094679 




12% 24% 8% 0% 
 Correctly classified Misclassified 
 
Results in Table XIII show that classification percentage even without the 




enhancement method is 12%, which is significantly low. The reason is many images 
have many lines longer than the specified range (4 to 15 pixels). The percentage 
improved after using the enhancement method with a gap size of 4 pixels reaching 
24%. The percentage continued to decrease after using the gap size 7 and 11 pixels. 
Thus, this line range is not suitable to be used with Roberts cross edge detector when 
classifying nature images. 
Table XIV Roberts’s edge detector result on nature images using short line range from 
4 pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
1 0.646469 0.960819 0.938797 0.439364 0.123799 0.196348 
2 0.209006 0.918595 0.848616 0.913003 0.961072 0.441735 
3 0.778906 0.973091 0.999235 0.977659 0.308516 0.129029 
4 0.890026 0.985807 0.909206 0.994041 0.984011 0.146367 
5 0.710048 0.415496 0.836025 0.878363 0.45061 0.222662 
6 0.747887 0.942451 0.998892 0.998201 0.932647 0.093844 
7 0.677897 0.915358 0.975631 0.923089 0.238126 0.112769 
8 0.321734 0.856305 0.996839 0.996063 0.307142 0.190542 
9 0.723172 0.864252 0.926667 0.473168 0.236546 0.120413 
10 0.342087 0.928015 0.917434 0.477622 0.930344 0.130002 
11 0.355438 0.927943 0.45778 0.935407 0.46117 0.861796 
12 0.286111 0.863457 0.8411 0.862519 0.29379 0.868971 
13 0.809663 0.915064 0.993178 0.925355 0.941308 0.195208 
14 0.435144 0.464072 0.984557 0.986154 0.486957 0.922823 
15 0.320364 0.287855 0.962959 0.875538 0.433899 0.799255 
16 0.519814 0.759191 0.815247 0.8266 0.751338 0.178848 
17 0.662571 0.444875 0.889732 0.863579 0.886848 0.719556 
18 0.012968 0.12816 0.140426 0.104465 0.024355 0.016518 
19 0.290077 0.854415 0.846863 0.425068 0.306603 0.410098 
20 0.855853 0.495651 0.957936 0.996497 0.953111 0.17911 
21 0.654407 0.942658 0.184105 0.460409 0.304102 0.162371 
22 0.621314 0.910288 0.885182 0.305239 0.225803 0.078705 
23 0.349308 0.469877 0.485313 0.453222 0.90822 0.157375 
24 0.39761 0.919782 0.311645 0.984707 0.920355 0.430804 




52% 68% 80% 64% 44% 20% 
 Correctly classified Misclassified 




The results in Table XIV shows that the percentage was 52% before applying the 
edge enhancement method. The percentage improved when the gap size was set to 2 
pixels reaching 68%, which means many lines were connected forming lines with a 
length within the range of 4 to 20 pixels. The percentage continued to increase 
reaching 80% when the gap size was set to 4 pixels because of the previously 
mentioned reason. However, the percentage started to decrease when we increased the 
gap size to 7 pixels. The percentage was 64% because the lines became connected 
forming more lines longer than the range. Thus, the percentage continued to drop after 
increasing the gap size to 11 and 17 pixels reaching 44% and 20% respectively. 
 
Table XV shows that the percentage before applying the enhancement method was 
80%. The percentage increased to 84% when the gap size was 4 pixels because lines, 
which are shorter than 4 pixels, became within the range after applying the 
enhancement method. However, after using a gap size of 7 pixels, the percentage 
decreased to 80% because the lines are connected forming longer lines than 24 pixels. 
The same thing happened after increasing the gap size to 12 and 17 pixels. The 
percentage became 72% and 48% respectively. 
 
The classification percentage in Table XVI before the enhancement method was 
76%, which indicate that some images have more short lines. The percentage 
decreased to 44% after using the gap size 4 pixels because short lines increased in 
some images. The reason is many lines are shorter than the range, and after the 
enhancement, these lines became within the range. The percentage did not change 
when increasing the gap size to 7 pixels. Nevertheless, it improved a little when the 
gap size was set to 12 pixels reaching 56%.Thus, increasing the gap size to 17 pixels 









Table XV Roberts’s edge detector result on nature images using short line range from 
4 pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 7 11 17 
Image 
number 
1 0.646469 0.939729 0.881149 0.890159 0.819442 
2 0.880869 0.870981 0.463318 0.985557 0.921592 
3 0.778906 1 0.978751 0.315122 0.416239 
4 0.450941 0.915799 0.995114 0.993603 0.461361 
5 0.760288 0.871358 0.902607 0.467356 0.933771 
6 0.750696 0.998892 1 0.955087 0.904402 
7 0.68939 0.981945 0.926079 0.491898 0.142558 
8 0.651087 1 0.999127 0.951239 0.276165 
9 0.730086 0.928366 0.952881 0.486267 0.296732 
10 0.696864 0.921471 0.959873 0.946822 0.824139 
11 0.75697 0.949584 0.964649 0.95656 0.914073 
12 0.628432 0.439192 0.910893 0.919837 0.910159 
13 0.275219 0.996134 0.930419 0.960483 0.823087 
14 0.892366 0.990262 0.496392 0.992247 0.958822 
15 0.663385 0.973063 0.884405 0.222582 0.838086 
16 0.289902 0.216362 0.867023 0.795787 0.25667 
17 0.344309 0.894745 0.86915 0.909806 0.756281 
18 0.039996 0.141099 0.314359 0.151717 0.052379 
19 0.619795 0.43281 0.287945 0.947369 0.289712 
20 0.871121 0.958935 0.998909 0.964271 0.309612 
21 0.689226 0.929797 0.93229 0.468071 0.289585 
22 0.665176 0.903123 0.463735 0.937809 0.426103 
23 0.727405 0.985367 0.913817 0.922683 0.410481 
24 0.829299 0.950783 0.988553 0.933735 0.903893 




80% 84% 80% 72% 48% 











Table XVI Roberts’s edge detector result on artifact images using short line range 
from 4 pixels to 24 pixels. 
Edge filling 
(pixels) 0 4 7 11 17 
Image number 
26 0.131855 0.868027 0.171686 0.193367 0.241275 
27 0.199066 0.424554 0.822808 0.808766 0.191492 
28 0.066759 0.815406 0.868656 0.288983 0.059176 
29 0.275251 0.464235 0.961882 0.937999 0.4374 
30 0.150092 0.751491 0.84571 0.17153 0.084692 
31 0.598867 0.74593 0.203902 0.877423 0.423174 
32 0.79221 0.919142 0.468053 0.314767 0.308899 
33 0.137416 0.94439 0.477395 0.954145 0.228161 
34 0.253528 0.824555 0.842707 0.826177 0.365005 
35 0.066481 0.183012 0.893577 0.29567 0.270462 
36 0.626882 0.918905 0.873481 0.835494 0.199288 
37 0.652794 0.432351 0.9116 0.421265 0.211485 
38 0.228696 0.867443 0.443666 0.861732 0.396228 
39 0.161213 0.121967 0.874658 0.283077 0.134868 
40 0.151779 0.459709 0.916906 0.312715 0.91778 
41 0.1605 0.199239 0.21264 0.213575 0.20845 
42 0.62387 0.211299 0.22214 0.213144 0.117353 
43 0.175109 0.895308 0.921249 0.267539 0.375505 
44 0.087374 0.89576 0.879305 0.276622 0.790387 
45 0.235683 0.298338 0.845289 0.445725 0.199992 
46 0.200931 0.209373 0.216518 0.811328 0.157301 
47 0.154922 0.913912 0.311583 0.924027 0.216611 
48 0.285552 0.866817 0.305393 0.875766 0.273896 
49 0.597638 0.8985 0.860231 0.899385 0.805061 




76% 44% 44% 56% 88% 












Table XVII Roberts’s edge detector result on artifact images using short line range 
from 4 pixels to 27 pixels. 
Edge filling 
(pixels) 0  4 7 11 13 
Image number 
26 0.140835 0.882385 0.43454 0.78766 0.196715 
27 0.207053 0.434119 0.830503 0.409952 0.819835 
28 0.278444 0.415411 0.294094 0.293969 0.175813 
29 0.827335 0.468633 0.965072 0.947845 0.926037 
30 0.317993 0.158733 0.28854 0.176202 0.286673 
31 0.312036 0.260102 0.827894 0.890869 0.907056 
32 0.404313 0.933566 0.946271 0.956092 0.460367 
33 0.423146 0.479439 0.483157 0.967017 0.953627 
34 0.266372 0.843371 0.858821 0.841207 0.804776 
35 0.613684 0.933592 0.455072 0.900767 0.859185 
36 0.317303 0.919869 0.882001 0.843957 0.421144 
37 0.170121 0.875816 0.918757 0.426524 0.293741 
38 0.236011 0.885405 0.454807 0.147266 0.447605 
39 0.167191 0.434358 0.883735 0.173477 0.43237 
40 0.158018 0.937765 0.92802 0.318387 0.933547 
41 0.224233 0.821368 0.870407 0.874293 0.88708 
42 0.162888 0.866614 0.900252 0.870064 0.440527 
43 0.183034 0.909033 0.932271 0.813414 0.425289 
44 0.184294 0.90501 0.891495 0.421867 0.823576 
45 0.240364 0.454099 0.286115 0.454032 0.906257 
46 0.209273 0.856653 0.222289 0.831099 0.404733 
47 0.200261 0.929109 0.94357 0.936085 0.914234 
48 0.617932 0.875922 0.923867 0.887576 0.413817 
49 0.623397 0.918992 0.879522 0.462719 0.862864 




84% 36% 32% 44% 52% 
 Correctly classified Misclassified  
 
As observed in Table XVII the classification percentage before applying the 
enhancement method was 84% because many images have long lines than short lines. 
Nonetheless, the percentage decreased to 36% when the gap size was set to 4 pixels, 
which can happen when there are many lines, which are shorter than the range in the 
image and after applying the enhancement their length change to become a length in 
the specified range of short lines (4-27). The percentage continued to decrease when 




the gap size was 7 pixels reaching 32%. The percentage started to improve a little after 
increasing the gap size to 11 reaching 44% because some lines are connected and are 
longer than 27 pixels. The percentage continued to improve reaching 52% when the 
gap size was 13 pixels. 
 
4. Canny edge detector experiment 
Table XVIII Canny edge detector result on nature images using short line range from 
4 pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.094403 0.141951 0.300753 0.231127 
2 0.083532 0.054958 0.068842 0.060549 
3 0.189954 0.412567 0.22617 0.239203 
4 0.076198 0.056602 0.101748 0.052642 
5 0.033679 0.032011 0.065341 0.047394 
6 0.086894 0.093293 0.091399 0.185805 
7 0.050045 0.081416 0.073506 0.092015 
8 0.052043 0.122525 0.052217 0.072775 
9 0.086681 0.077048 0.10661 0.116667 
10 0.104094 0.081981 0.072671 0.076347 
11 0.029267 0.042145 0.067956 0.075088 
12 0.190408 0.164139 0.106739 0.204053 
13 0.053359 0.057145 0.075498 0.174262 
14 0.174874 0.072166 0.166055 0.073574 
15 0.131772 0.05291 0.119361 0.125903 
16 0.04881 0.056541 0.137642 0.077509 
17 0.185171 0.116459 0.133342 0.084317 
18 0.071556 0.043856 0.058955 0.039031 
19 0.210388 0.062705 0.079226 0.057933 
20 0.03354 0.062203 0.102685 0.080429 
21 0.046618 0.071703 0.050075 0.087248 
22 0.035271 0.030392 0.054264 0.035829 
23 0.058731 0.045616 0.061697 0.06672 
24 0.034918 0.052183 0.049647 0.056901 




0% 0% 0% 0% 
 Correctly classified Misclassified 




As observed in Table XVIII, the shaded parts are the misclassified images. Results 
show that the classification percentage is 0% for all the gap sizes. Thus, the used short 
line range value is not suitable to be used on nature images with Canny edge detector. 
A bigger short line range is needed for the test. 
 
Table XIX Canny edge detector result on nature images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
1 0.492889 0.990521 0.870179 0.91542 0.467624 0.960973 
2 0.196332 0.162382 0.202592 0.419131 0.225211 0.307429 
3 0.980784 0.317515 0.840508 0.917424 0.963427 0.494284 
4 0.21408 0.149798 0.291756 0.125644 0.93454 0.947921 
5 0.126579 0.223302 0.164356 0.048987 0.129922 0.16941 
6 0.493564 0.969698 0.856477 0.83476 0.939825 0.98311 
7 0.112868 0.463438 0.214419 0.279129 0.94829 0.133986 
8 0.189202 0.19053 0.127613 0.305921 0.484324 0.195345 
9 0.18359 0.307034 0.403047 0.440872 0.951637 0.315866 
10 0.14931 0.456475 0.858439 0.828236 0.472028 0.133913 
11 0.645142 0.117049 0.237674 0.120023 0.828673 0.282796 
12 0.812768 0.783871 0.718191 0.819096 0.289763 0.280535 
13 0.169318 0.22168 0.204154 0.294764 0.460891 0.310783 
14 0.467701 0.234082 0.8352 0.863282 0.453403 0.240013 
15 0.210806 0.108107 0.144313 0.248179 0.30613 0.186315 
16 0.295108 0.31704 0.201236 0.319296 0.174149 0.068675 
17 0.275026 0.423111 0.191268 0.86036 0.442523 0.924714 
18 0.097169 0.080763 0.063209 0.09002 0.081839 0.090436 
19 0.73005 0.153793 0.09765 0.098339 0.17432 0.07905 
20 0.296738 0.152217 0.145198 0.867383 0.916187 0.931308 
21 0.225088 0.306683 0.278054 0.27795 0.226049 0.133038 
22 0.102611 0.13932 0.118681 0.17322 0.128958 0.130005 
23 0.27122 0.144389 0.122081 0.867811 0.184997 0.13191 
24 0.144521 0.14818 0.163735 0.107994 0.451349 0.312546 




16% 12% 24% 36% 28% 20% 
 Correctly classified Misclassified 
 




As seen in Table XIX, the classification percentage of Canny edge detector on 
nature images with short line range from 4 to 20 pixels without the enhancement 
method was 16% because the lines in the images are longer than the short line range. 
The percentage decreased to 12% when the gap size was set to 2 pixels meaning that 
some short lines are connected and are longer than 20 pixels. The percentage improved 
a little when increasing the gap size to 4 pixels. The percentage was increased more 
reaching 36% when the gap size was 7 pixels because short lines grew in some images. 
However, it started to decrease after setting the gap size to 11 and 17 reaching 28% and 
20% respectively because lines are connected, and they became longer than 20 pixels. 
 
As seen in Table XX, the classification percentage without the enhancement 
method was 48% because some lines in some images are longer than 24 pixels. 
However, the percentage increased to 52% when the gap size was 4 pixels because 
short lines increased in some images. Short lines increase in images when the length of 
the lines are originally shorter than the range, but after the enhancement, the length 
changes to become within the specified range. The percentage continued to improve 
after using the gap size 7 reaching 64%. However, the percentage started to decrease 
when the gap size was 11 pixels because the short lines are connected, and they are 
longer than 24 pixels. The percentage increased a little when the gap size was 17 
because short lines increased in some images. 
 
Table XXI shows that the classification percentage before applying enhancement 
method was 96%. However, the percentage dropped to 88% when the gap size was set 
to 4 and 7 pixels because short lines that were shorter than 4 pixels became longer 
enough to be in the short line range. The percentage decreased more with a gap size of 
12 pixels because more short lines length is becoming within the range. Nevertheless, 
the percentage increased back to 96% because short lines are connected in some 
images forming lines, which are longer than 24 pixels. In general, the percentage did 
not change before and after the enhancement. 
 




Table XX Canny edge detector result on nature images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 7 11 17 
Image 
number 
1 0.994307 0.87293 0.458881 0.937072 0.96533 
2 0.843495 0.857785 0.294721 0.920404 0.238155 
3 0.987228 0.843411 0.920429 0.966289 0.991754 
4 0.150327 0.913828 0.453453 0.948496 0.323201 
5 0.702673 0.359447 0.749874 0.407888 0.444854 
6 0.993021 0.858551 0.834985 0.941 0.986196 
7 0.232118 0.437892 0.425459 0.478996 0.475317 
8 0.965432 0.453878 0.926426 0.4871 0.986138 
9 0.470972 0.81964 0.895161 0.959131 0.958853 
10 0.461855 0.218968 0.841807 0.952195 0.953921 
11 0.717952 0.76987 0.781654 0.289451 0.444606 
12 0.834638 0.750578 0.429775 0.447727 0.434587 
13 0.296061 0.421977 0.905396 0.468637 0.319136 
14 0.95481 0.425024 0.873155 0.456786 0.971201 
15 0.869789 0.746164 0.769095 0.466197 0.956345 
16 0.218523 0.328985 0.702709 0.737751 0.402148 
17 0.867514 0.795248 0.884481 0.904513 0.955173 
18 0.204594 0.112054 0.27975 0.305683 0.187038 
19 0.389029 0.277987 0.167091 0.300709 0.180801 
20 0.465365 0.44744 0.443094 0.926621 0.951383 
21 0.309119 0.850712 0.8475 0.456958 0.472782 
22 0.429794 0.286519 0.296873 0.306536 0.18749 
23 0.286418 0.891387 0.896457 0.473106 0.953798 
24 0.908073 0.853475 0.891541 0.460699 0.481762 




48% 52% 64% 40% 48% 











Table XXI Canny edge detector result on artifact images using short line range from 
4 pixels to 24 pixels. 
Edge filling 
(pixels) 0 4 7 11 17 
Image number 
26 0.181283 0.169159 0.572232 0.115007 0.115546 
27 0.184451 0.124737 0.212884 0.242319 0.064628 
28 0.123641 0.187996 0.127997 0.143566 0.123715 
29 0.122801 0.8687 0.432972 0.917734 0.237122 
30 0.187207 0.151298 0.209291 0.174904 0.351927 
31 0.235134 0.326211 0.217342 0.734362 0.271749 
32 0.375203 0.247395 0.354311 0.399341 0.41989 
33 0.343117 0.173488 0.23765 0.199457 0.11858 
34 0.230888 0.238754 0.394308 0.821701 0.283687 
35 0.09172 0.098479 0.068232 0.450191 0.108645 
36 0.197519 0.763012 0.182866 0.294425 0.44039 
37 0.311184 0.124782 0.099115 0.17351 0.171326 
38 0.097897 0.10629 0.098626 0.216427 0.23107 
39 0.299386 0.162993 0.332162 0.18769 0.097875 
40 0.107645 0.098893 0.102691 0.386331 0.163913 
41 0.496922 0.107376 0.281639 0.639342 0.079053 
42 0.100599 0.14833 0.748041 0.105179 0.093621 
43 0.141441 0.103365 0.118885 0.20407 0.071043 
44 0.252466 0.361035 0.784859 0.194405 0.279482 
45 0.06139 0.175984 0.177009 0.296555 0.114169 
46 0.193539 0.122147 0.150551 0.098786 0.066775 
47 0.092022 0.067953 0.065348 0.060638 0.055328 
48 0.850558 0.409945 0.414365 0.91384 0.896976 
49 0.264873 0.738797 0.415874 0.21651 0.444477 




96% 88% 88% 80% 96% 












TableXXII Canny edge detector result on artifact images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 0 4 7 11 13 
Image number 
26 0.561287 0.525162 0.147063 0.147244 0.213596 
27 0.148887 0.331846 0.112297 0.10739 0.263145 
28 0.257796 0.154591 0.19665 0.291864 0.284858 
29 0.435896 0.881328 0.438521 0.92587 0.914376 
30 0.294719 0.158111 0.326377 0.23936 0.721782 
31 0.363627 0.134246 0.333282 0.744736 0.793527 
32 0.256577 0.758517 0.72518 0.810481 0.852235 
33 0.71208 0.360858 0.369262 0.406546 0.417625 
34 0.731916 0.744315 0.404839 0.421231 0.83257 
35 0.260029 0.090537 0.279872 0.30543 0.18266 
36 0.406539 0.260904 0.250155 0.447444 0.899453 
37 0.163211 0.39126 0.091661 0.295791 0.175662 
38 0.523339 0.080999 0.615659 0.334771 0.350356 
39 0.628569 0.67935 0.172762 0.153279 0.263939 
40 0.340429 0.120995 0.148799 0.113814 0.14105 
41 0.264144 0.281681 0.11891 0.11035 0.14009 
42 0.145921 0.109126 0.190893 0.122391 0.109669 
43 0.18378 0.251537 0.105524 0.419042 0.125931 
44 0.783395 0.745404 0.269074 0.79113 0.221977 
45 0.411609 0.890499 0.446284 0.149871 0.461403 
46 0.199561 0.629418 0.102911 0.234778 0.179919 
47 0.113217 0.175723 0.247847 0.270493 0.137326 
48 0.868134 0.839998 0.845079 0.92646 0.457091 
49 0.815541 0.152766 0.428172 0.147267 0.300143 




72% 68% 88% 76% 76% 
 Correctly classified Misclassified  
 
As observed in Table XXII the classification percentage before applying the 
enhancement method was 72% and it decreased after using it with a gap size of 4 
pixels reaching 68%. This can happen because some images have lines shorter than the 
minimum short line range and after the enhancement, their length increases forming a 
line with a length within the range. The percentage increased to 88% after increasing 
the gap size to 7 pixels because short lines are connected and longer than the range. 




However, it started to decrease with a gap size of 11 and 13 pixels because short lines 
are increasing in the image. 
 
5. LoG edge detector experiment  
TableXXIII LoG edge detector result on nature images using short line range from 4 
pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.056588 0.188366 0.767633 0.09759 
2 0.086343 0.066384 0.070539 0.044412 
3 0.077922 0.078641 0.68322 0.153895 
4 0.054383 0.053178 0.109649 0.087681 
5 0.106367 0.101426 0.039318 0.033859 
6 0.183947 0.102454 0.277153 0.175426 
7 0.084731 0.08263 0.157322 0.045854 
8 0.050767 0.069716 0.208555 0.048739 
9 0.074011 0.078549 0.09592 0.077248 
10 0.045242 0.070903 0.081291 0.101934 
11 0.032477 0.072229 0.052721 0.057337 
12 0.64423 0.593408 0.19024 0.062889 
13 0.030928 0.04553 0.104518 0.092514 
14 0.042299 0.133398 0.13589 0.081368 
15 0.055584 0.08221 0.072228 0.059219 
16 0.063765 0.064283 0.128856 0.055091 
17 0.206894 0.233995 0.18939 0.102937 
18 0.031282 0.026978 0.065876 0.028118 
19 0.055551 0.063099 0.06767 0.034289 
20 0.065165 0.0676 0.127575 0.037583 
21 0.055757 0.049267 0.105489 0.046171 
22 0.029786 0.069135 0.038033 0.038998 
23 0.048402 0.026471 0.104683 0.067249 
24 0.07758 0.051215 0.142862 0.038993 




4% 4% 8% 0% 
 Correctly classified Misclassified 
 




Results in Table XXIII show that classification percentage using short line range 
from 4 to 15 pixel is significantly low when classifying nature images. The 
percentage without the enhancement method was 4% because almost all of the images 
have lines longer than the specified range, which is from 4 to 15 pixels. The 
percentage did not change at all after using the gap size 4 pixels. However, the 
percentage increased to 8% when using a gap size of 8 pixels, which means some 
lines, became long enough to be included in the range. The percentage reached 0% 
when the gap size was set to 11 pixels because many short lines are connected and are 
longer than 15 pixels. The percentage, in general, is low which means that the used 
range is not suitable to be used with LoG edge detector on nature image. 
The results in Table XXIV shows that the percentage before applying the edge 
enhancement method was 32% because some images have long lines longer than 20 
pixels. The percentage was increased after using a gap size of 2 pixels reaching 44% 
because some short lines increased in some images. However, the percentage 
decreased to 40% when increasing the gap size to 4 and 7 pixels meaning that short 
lines are connected which increase the long lines. The percentage continued to 
decrease for the same reason when increasing the gap size to 11 and 17 pixels reaching 
20% and 4% respectively. 
 
Table XXV shows that the percentage before applying the enhancement method 
was 48%, which indicates that some images are misclassified as artificial images 
because they have more long lines. The percentage increased to 64% after using the 
enhancement method with a gap size of 4 pixels because short lines increased in some 
images. Short lines can increase in some images because some lines reach the length 
within the range. The percentage continued to grow to reach 68% when the gap size 
was 7 pixels. However, the percentage started to decrease after that by increasing the 
gap size to 11 and 17 to reach 56% and 32% respectively because more short lines are 
connected and are longer than 24 pixels. 




TableXXIV LoG edge detector result on nature images using short line range from 4 
pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 4 7 11 17 
Image 
number 
1 0.759172 0.736406 0.770643 0.77981 0.892101 0.292304 
2 0.237751 0.11268 0.108317 0.257743 0.423826 0.221805 
3 0.643309 0.571213 0.322908 0.693209 0.77731 0.797877 
4 0.112468 0.278395 0.873239 0.462286 0.30526 0.100052 
5 0.160959 0.172629 0.236344 0.756215 0.078475 0.107624 
6 0.756123 0.78385 0.835556 0.841126 0.891646 0.293628 
7 0.721798 0.180158 0.1939 0.807195 0.150503 0.107325 
8 0.188168 0.752824 0.868309 0.849571 0.301195 0.066348 
9 0.258707 0.752899 0.183596 0.222291 0.191119 0.126349 
10 0.157324 0.601164 0.339615 0.766757 0.282865 0.160088 
11 0.103399 0.22145 0.245203 0.204008 0.146954 0.107851 
12 0.687443 0.603862 0.625877 0.803991 0.277187 0.125019 
13 0.123629 0.170217 0.165799 0.111242 0.129567 0.175808 
14 0.758761 0.717144 0.833013 0.417902 0.462123 0.125002 
15 0.326517 0.657173 0.347814 0.248818 0.201062 0.159934 
16 0.267191 0.300646 0.663903 0.179581 0.200165 0.159234 
17 0.172049 0.219484 0.379194 0.200529 0.870885 0.106154 
18 0.15838 0.226084 0.552606 0.310492 0.191907 0.108593 
19 0.058756 0.099863 0.128394 0.11439 0.077942 0.069425 
20 0.779285 0.819306 0.853408 0.916113 0.468147 0.178444 
21 0.194547 0.27965 0.87557 0.869914 0.182982 0.097344 
22 0.143881 0.122594 0.11474 0.217256 0.227298 0.061743 
23 0.675984 0.677515 0.372709 0.199039 0.852666 0.294715 
24 0.389017 0.275809 0.442849 0.451944 0.316052 0.102708 




32% 44% 40% 40% 20% 4% 











TableXXV LoG edge detector result on nature images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 7 11 17 
Image 
number 
1 0.763298 0.773949 0.782071 0.894165 0.882551 
2 0.759188 0.267048 0.80828 0.866944 0.303655 
3 0.645918 0.648436 0.696953 0.78046 0.802407 
4 0.820209 0.448859 0.93896 0.927469 0.92343 
5 0.176619 0.380179 0.269288 0.450933 0.303695 
6 0.762316 0.841398 0.843445 0.895088 0.887977 
7 0.73904 0.787014 0.816434 0.911765 0.877213 
8 0.764242 0.877844 0.853681 0.909281 0.878003 
9 0.396302 0.74501 0.89751 0.965119 0.300773 
10 0.326171 0.695039 0.777545 0.857624 0.817979 
11 0.224437 0.782373 0.214556 0.460292 0.228127 
12 0.238374 0.641408 0.823108 0.288083 0.930119 
13 0.260741 0.693665 0.408829 0.393947 0.360338 
14 0.774935 0.845104 0.844446 0.466484 0.296726 
15 0.167205 0.177701 0.75734 0.817691 0.16396 
16 0.596966 0.702944 0.75737 0.845109 0.215175 
17 0.712892 0.781257 0.816146 0.884773 0.292285 
18 0.165478 0.286776 0.321675 0.1574 0.131964 
19 0.173353 0.404426 0.835285 0.22087 0.175745 
20 0.8006 0.867411 0.926677 0.471815 0.227724 
21 0.399266 0.889817 0.29417 0.309669 0.099878 
22 0.106573 0.204779 0.220838 0.461799 0.223877 
23 0.242124 0.791415 0.414591 0.874496 0.229989 
24 0.813207 0.305732 0.926839 0.966764 0.238229 




48% 64% 68% 56% 32% 











TableXXVI LoG edge detector result on artifact images using short line range from 4 
pixels to 24 pixels. 
Edge filling 
(pixels) 0 4 7 11 17 
Image number 
26 0.457015 0.285234 0.184178 0.10515 0.119164 
27 0.651859 0.344624 0.165307 0.159857 0.279273 
28 0.668219 0.186091 0.161404 0.119799 0.121357 
29 0.135223 0.815679 0.43043 0.869285 0.442006 
30 0.441152 0.135575 0.591249 0.699323 0.065734 
31 0.291993 0.194094 0.389965 0.381368 0.07954 
32 0.34977 0.249913 0.194203 0.849509 0.122848 
33 0.080687 0.175254 0.193383 0.836605 0.171284 
34 0.324677 0.375941 0.794605 0.791435 0.821719 
35 0.160912 0.156412 0.285422 0.097813 0.111208 
36 0.35375 0.263287 0.833967 0.863574 0.139748 
37 0.288643 0.105541 0.135427 0.396172 0.157893 
38 0.536988 0.194282 0.1 0.362544 0.159327 
39 0.13139 0.308196 0.137196 0.25883 0.059304 
40 0.114839 0.213925 0.120234 0.134718 0.102328 
41 0.102005 0.069677 0.106069 0.236539 0.159261 
42 0.140815 0.169317 0.150619 0.40937 0.130669 
43 0.170625 0.188909 0.413495 0.220068 0.214815 
44 0.653529 0.686507 0.361448 0.419665 0.432386 
45 0.118185 0.207667 0.136489 0.383453 0.089151 
46 0.092912 0.095583 0.148976 0.15689 0.058082 
47 0.071724 0.236077 0.182225 0.109104 0.077257 
48 0.649506 0.396411 0.422428 0.295423 0.146285 
49 0.279754 0.318176 0.746618 0.847355 0.411895 




80% 92% 84% 72% 96% 
 Correctly classified Misclassified  
 
The classification percentage in Table XXVI was 80% before applying the 
enhancement method. The percentage reached 92% after using the enhancement 
method with a gap size of 4 pixels, which means that the short lines in some images are 
connected, and became longer than 24 pixels. The percentage decreased to 84% when 
the gap size was 7 pixels because more short lines formed after the enhancement 
method was applied. The percentage continued to decrease reaching 72% with a gap 




size of 11 pixels, but it increased again to 96% when the gap size was 17 pixels 
because more lines are connected.  
 
TableXXVII LoG edge detector result on artifact images using short line range from 4 
pixels to 27 pixels. 
Edge filling 
(pixels) 0 4 7 11 13 
Image number 
26 0.473132 0.292479 0.28514 0.217564 0.681333 
27 0.227099 0.726561 0.22936 0.41138 0.277489 
28 0.228253 0.253439 0.818865 0.212242 0.287288 
29 0.230319 0.276246 0.437188 0.876982 0.874938 
30 0.154589 0.568759 0.307239 0.359777 0.180279 
31 0.596625 0.395096 0.787287 0.775215 0.794077 
32 0.360287 0.767532 0.396176 0.214542 0.885254 
33 0.66956 0.361334 0.159057 0.212716 0.125892 
34 0.678638 0.779827 0.8146 0.806318 0.894921 
35 0.113468 0.202617 0.293424 0.223868 0.179706 
36 0.363212 0.806872 0.845169 0.872337 0.29714 
37 0.301682 0.329061 0.348336 0.270208 0.409787 
38 0.283186 0.306295 0.617895 0.186816 0.389147 
39 0.069055 0.106838 0.118301 0.088354 0.099724 
40 0.302328 0.336626 0.370375 0.411716 0.414172 
41 0.135472 0.131131 0.331204 0.243129 0.257059 
42 0.083479 0.173363 0.384778 0.276299 0.092922 
43 0.117936 0.130151 0.141359 0.447512 0.439495 
44 0.335737 0.69965 0.367193 0.850513 0.849842 
45 0.07611 0.159723 0.348002 0.097475 0.195959 
46 0.115206 0.137415 0.108641 0.26702 0.202485 
47 0.075112 0.182567 0.10682 0.13011 0.102228 
48 0.663746 0.401459 0.862425 0.449534 0.908331 
49 0.57471 0.326387 0.254738 0.286167 0.421323 




80% 72% 72% 80% 72% 
 Correctly classified Misclassified  
 
Table XXVII shows that the classification percentage was 80% before the 
enhancement method was used. The percentage decreased to 72% when the gap size 
was set to 4 and 7 pixels because short lines increased in some photos. However, it 




returned to 80% after using the gap size 11 pixels, which indicates that some of the 
short lines are connected. The percentage decreased again to 72% when increasing the 
gap size to 13 pixels. In general, the enhancement method did not improve the 
percentage in this case 
 
6. Gabor filter experiment 
TableXXVIII Gabor filter result on nature images using short line range from 4 pixels 
to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.147347 0.662244 0.238175 0.059371 
2 0.242129 0.20558 0.260092 0.155309 
3 0.160134 0.232103 0.087131 0.033024 
4 0.049454 0.100658 0.090699 0.039922 
5 0.066633 0.135238 0.112143 0.096216 
6 0.145629 0.205112 0.214097 0.052542 
7 0.049649 0.572698 0.086427 0.016762 
8 0.047595 0.581568 0.064589 0.025244 
9 0.121541 0.190888 0.110044 0.027017 
10 0.06694 0.122837 0.065837 0.055782 
11 0.104318 0.262036 0.464455 0.540691 
12 0.091765 0.37784 0.098897 0.240592 
13 0.077114 0.126986 0.313757 0.132034 
14 0.078762 0.122884 0.103259 0.045179 
15 0.056332 0.600464 0.099397 0.048886 
16 0.177209 0.130223 0.21572 0.216588 
17 0.15892 0.163887 0.105763 0.084023 
18 0.076047 0.400889 0.320999 0.267167 
19 0.123269 0.306299 0.164178 0.121665 
20 0.090371 0.161539 0.103853 0.107938 
21 0.024447 0.493308 0.097065 0.040106 
22 0.050424 0.125263 0.152554 0.046569 
23 0.048023 0.244769 0.214999 0.086305 
24 0.042142 0.06082 0.057232 0.064337 




0% 12% 0% 0% 
 Correctly classified Misclassified 




   As observed in Tabl XXVIII the classification percentage is significantly low. The 
classification percentage before the enhancement method was 0%, which indicates that 
all of the images have lines longer than the specified range (4 to 15 pixels). However, 
the percentage increased to 12% when the gap size was set to 4 pixels because few 
images had more short lines. The percentage decreased to 0% after increasing the gap 
size to 7 and 11 pixels. In general, the percentage is significantly low. Thus, the used 
short line range value is not suitable to be used on nature images with Gabor filter. 
 
As observed in Table XXIX, the classification percentage of Gabor filter on nature 
images with short line range from 4 to 20 pixels without the enhancement method is 
4% because only 1 image have many short lines. The percentage improved to 24% 
when increasing the gap size to 2 pixels, which indicate that the short lines are 
increasing. The percentage reached 56% when the gap size was 4 pixels because short 
lines, which are shorter than 4 pixels, became longer than 4 pixels and shorter than 20 
pixels. Nevertheless, the percentage started to decrease reaching 28% when the gap 
size was set to 7 pixels, which indicate that short lines are becoming longer due to the 
enhancement method. The percentage continued to decrease to reach 16% and 4% 
when the gap size was set to 11 and 17 pixels respectively for the same reason. 
 
As observed in Table XXX the classification percentage reached 96% before 
applying the enhancement method. The percentage decreased to 88% after using a gap 
size 2 pixels indicating that few images have more short lines than long lines. The 
percentage continued to decrease for the same reason reaching 84% and 80% when the 
gap size was set to 4 and 7 pixels respectively. However, the percentage returned to 
96% after using the gap size 11 and 17 pixels. In general, the percentage before and 













0 2 4 7 11 17 
Image 
number 
1 0.151975 0.211503 0.674169 0.247295 0.190221 0.052318 
2 0.291071 0.226258 0.704145 0.196951 0.257498 0.248507 
3 0.162179 0.719084 0.703163 0.4444 0.058573 0.144663 
4 0.262856 0.267745 0.809864 0.407244 0.200785 0.100669 
5 0.205583 0.167183 0.250998 0.553135 0.57848 0.316803 
6 0.146757 0.663349 0.623538 0.438972 0.336156 0.042258 
7 0.101306 0.585108 0.57904 0.355877 0.062623 0.103714 
8 0.100245 0.481388 0.299993 0.475569 0.192464 0.102873 
9 0.125194 0.245692 0.584375 0.226736 0.106182 0.034455 
10 0.069164 0.661986 0.622857 0.40801 0.301285 0.064494 
11 0.242158 0.500692 0.617109 0.556797 0.626975 0.624609 
12 0.319385 0.431163 0.461297 0.492283 0.551373 0.522025 
13 0.352474 0.21657 0.236218 0.680187 0.570148 0.261668 
14 0.16292 0.529789 0.635188 0.529518 0.391378 0.174798 
15 0.121262 0.457237 0.624568 0.211102 0.322448 0.260291 
16 0.211217 0.364334 0.467221 0.503468 0.176662 0.222591 
17 0.360556 0.661911 0.364589 0.700297 0.191492 0.081081 
18 0.044999 0.1121 0.449732 0.089488 0.076539 0.058725 
19 0.286978 0.684239 0.385485 0.792906 0.364039 0.179752 
20 0.293867 0.285471 0.686383 0.654824 0.294001 0.162928 
21 0.07785 0.440773 0.507273 0.404513 0.044475 0.056865 
22 0.161766 0.539814 0.653123 0.478811 0.406541 0.159479 
23 0.218139 0.425964 0.279321 0.496058 0.488722 0.2105 
24 0.334393 0.339439 0.672062 0.313833 0.287031 0.176344 




4% 24% 56% 28% 16% 4% 
 Correctly classified Misclassified 
 
As observed in Table XXXI, the classification percentage without the enhancement 
method was 8%. However, the percentage increased to 80% when the gap size was 4 
pixels, which indicate that the short lines are increasing in images because the 
enhancement method affects the length of the lines. Thus, the short lines that were less 
than 4 pixels became longer than that and less than 24 pixels. The percentage 




decreased after using a gap size of 7 pixels because lines are connected and forming 
longer lines. The percentage continued to decrease reaching 40% and 32% when 
increasing the gap size to 11 and 17 pixels respectively. 
 
TableXXX Gabor filter result on artifact images using short line range from 4 pixels to 
20 pixels. 
Edge filling 
(pixels) 0 2 4 7 11 17 
Image number 
26 0.190384 0.492424 0.598503 0.195508 0.141748 0.08438 
27 0.066942 0.380224 0.139856 0.181998 0.056887 0.041772 
28 0.111603 0.126776 0.140622 0.261096 0.165429 0.105861 
29 0.06209 0.577347 0.233923 0.587354 0.486194 0.136208 
30 0.176947 0.486657 0.622459 0.423446 0.383405 0.354428 
31 0.568163 0.233028 0.236865 0.260413 0.159967 0.181007 
32 0.179323 0.598918 0.330848 0.218878 0.213526 0.080016 
33 0.289558 0.561558 0.160207 0.615747 0.191405 0.247818 
34 0.253697 0.498352 0.599848 0.591306 0.405256 0.20346 
35 0.182197 0.301797 0.12322 0.267151 0.105363 0.039363 
36 0.018645 0.433173 0.140351 0.141876 0.092749 0.020914 
37 0.052737 0.481566 0.554626 0.548956 0.124412 0.128014 
38 0.122945 0.153808 0.107655 0.323617 0.397991 0.083855 
39 0.091889 0.136511 0.157638 0.229348 0.218481 0.355368 
40 0.06777 0.229335 0.253728 0.255427 0.179522 0.291401 
41 0.137984 0.377085 0.237203 0.253628 0.181856 0.557051 
42 0.183495 0.52511 0.300453 0.141113 0.1277 0.155074 
43 0.192254 0.371217 0.259618 0.483289 0.211845 0.189036 
44 0.22656 0.584464 0.340001 0.222496 0.231314 0.464604 
45 0.058521 0.173134 0.111921 0.159736 0.214301 0.081444 
46 0.110377 0.324256 0.465442 0.329072 0.368961 0.145336 
47 0.03536 0.149929 0.34005 0.655124 0.129117 0.060683 
48 0.304002 0.404724 0.503331 0.474138 0.605979 0.543541 
49 0.249737 0.263468 0.288612 0.625028 0.451599 0.43869 




96% 88% 84% 80% 96% 96% 








As observed in Table XXX the classification percentage reached 96% before 
applying the enhancement method. The percentage decreased to 88% after using a gap 
size 2 pixels indicating that few images have more short lines than long lines. The 
percentage continued to decrease for the same reason reaching 84% and 80% when the 
gap size was set to 4 and 7 pixels respectively. However, the percentage returned to 
96% after using the gap size 11 and 17 pixels. In general, the percentage before and 
after using enhancement method did not improve. 
 
Table XXXII shows that the classification percentage for artificial images before 
applying the enhancement method was 100%, which indicates that all the images have 
lines longer than 24 pixels. After using the enhancement method, the percentage 
reached 60% because short lines started to increase in some images. However, when 
the gap size was set to 7 pixels, the percentage started to improve a little reaching 72%. 
The percentage continued to increase by increasing the gap size reaching 84% and 
88% when the gap size was 11 and 17 pixels respectively. 
 
As seen in Table XXXIII the classification percentage was 100% with a gap size of 
0 pixels. Thus, all of the images have many lines that are longer than the range (4-27). 
Therefore, the classification percentage decreased after using the enhancement method 
with the gap size 4 pixels because short lines are increasing in some images. However, 
the percentage started to increase after that reaching 52% when the gap size was 7 
pixels and 76% when the gap size was 11 pixels. Finally, the percentage reached 88% 
















0 4 7 11 17 
Image 
number 
1 0.153683 0.676927 0.498029 0.387493 0.325068 
2 0.320959 0.747158 0.627 0.270083 0.525541 
3 0.162944 0.705522 0.446318 0.357186 0.297184 
4 0.550248 0.838442 0.836318 0.825927 0.733463 
5 0.224952 0.560322 0.626321 0.64197 0.683822 
6 0.147618 0.625206 0.440335 0.339597 0.261952 
7 0.101603 0.580302 0.357079 0.25425 0.213835 
8 0.102628 0.604374 0.480147 0.396403 0.164664 
9 0.125927 0.588545 0.456324 0.32409 0.050122 
10 0.140692 0.627367 0.410797 0.306285 0.089464 
11 0.263038 0.660198 0.581072 0.662189 0.660785 
12 0.355214 0.259406 0.580828 0.635845 0.593822 
13 0.186972 0.729514 0.347678 0.5926 0.55265 
14 0.082936 0.638665 0.532911 0.401015 0.366606 
15 0.12507 0.637591 0.430602 0.32668 0.270865 
16 0.22887 0.521191 0.535703 0.58721 0.487164 
17 0.385249 0.756754 0.730606 0.596894 0.303157 
18 0.09682 0.159907 0.378716 0.108054 0.194413 
19 0.619205 0.817392 0.866497 0.78487 0.790961 
20 0.301878 0.699543 0.661711 0.604011 0.508761 
21 0.078796 0.510593 0.409618 0.114143 0.180348 
22 0.164669 0.330638 0.486337 0.41693 0.110563 
23 0.22628 0.590584 0.53294 0.508834 0.450349 
24 0.348993 0.697805 0.650662 0.196431 0.55206 




8% 80% 36% 40% 32% 











TableXXXII Gabor filter result on artifact images using short line range from 4 pixels 
to 24 pixels. 
Edge filling 
(pixels) 0 4 7 11 17 
Image number 
26 0.099053 0.622726 0.608202 0.443574 0.179865 
27 0.036799 0.294437 0.09714 0.181288 0.179207 
28 0.078994 0.578005 0.268532 0.257323 0.112752 
29 0.128367 0.719371 0.599683 0.49395 0.212018 
30 0.18971 0.665413 0.446682 0.403844 0.127382 
31 0.302943 0.745876 0.803201 0.277374 0.190849 
32 0.371537 0.685111 0.690002 0.334731 0.198431 
33 0.305115 0.33492 0.21702 0.601736 0.525748 
34 0.271503 0.620448 0.607013 0.426056 0.218065 
35 0.193947 0.318553 0.183005 0.435839 0.187636 
36 0.076665 0.427206 0.288863 0.095329 0.058864 
37 0.07586 0.575602 0.286071 0.265599 0.204444 
38 0.1317 0.680358 0.334837 0.208372 0.439374 
39 0.194296 0.327213 0.238696 0.151892 0.377778 
40 0.217702 0.534081 0.538275 0.57531 0.623756 
41 0.151726 0.170885 0.547731 0.577076 0.604106 
42 0.063631 0.305207 0.429033 0.19724 0.107836 
43 0.207182 0.544615 0.500769 0.4426 0.406566 
44 0.241017 0.709197 0.467068 0.239069 0.246574 
45 0.242288 0.292744 0.502784 0.450153 0.435014 
46 0.113874 0.478404 0.337332 0.38078 0.307045 
47 0.114107 0.176688 0.341374 0.273382 0.457226 
48 0.336977 0.543013 0.252371 0.647529 0.600555 
49 0.274858 0.312799 0.665358 0.160972 0.472436 




100% 60% 72% 84% 88% 












TableXXXIII Gabor filter result on artifact images using short line range from 4 pixels 
to 27 pixels. 
Edge filling 
(pixels) 0 4 7 11 13 
Image number 
26 0.20276 0.635728 0.207634 0.226555 0.392202 
27 0.078058 0.30064 0.199554 0.18651 0.198977 
28 0.245503 0.293903 0.545673 0.526661 0.496376 
29 0.261022 0.362904 0.604089 0.496802 0.228046 
30 0.198055 0.685645 0.461604 0.417721 0.424396 
31 0.207317 0.382987 0.822009 0.845042 0.117937 
32 0.380818 0.702025 0.706113 0.678112 0.604735 
33 0.31212 0.686285 0.664052 0.617026 0.297635 
34 0.282803 0.63507 0.613386 0.438298 0.223373 
35 0.099909 0.642825 0.55734 0.440947 0.426353 
36 0.077812 0.431119 0.29087 0.193717 0.183044 
37 0.249827 0.603641 0.589157 0.549904 0.477883 
38 0.136424 0.699747 0.684206 0.426686 0.218257 
39 0.198457 0.333045 0.484486 0.46303 0.456312 
40 0.112496 0.547796 0.553624 0.585753 0.575683 
41 0.163675 0.545771 0.566612 0.594386 0.304886 
42 0.098264 0.310648 0.434645 0.132899 0.349304 
43 0.215134 0.560728 0.511653 0.225158 0.437185 
44 0.249452 0.727935 0.480137 0.491839 0.517179 
45 0.247243 0.300818 0.518573 0.462249 0.46378 
46 0.058336 0.479805 0.341263 0.193108 0.390556 
47 0.060368 0.241332 0.696129 0.18719 0.171583 
48 0.354928 0.575457 0.528817 0.672423 0.605448 
49 0.143851 0.649032 0.6861 0.246778 0.486964 




100% 48% 52% 76% 88% 










This section contains the second experiment and the results. 
Experiments and results  
   We collected a sample of 50 images (25 natural, 25 artificial). These images are 
different than the images used in the first experiments. The second test was conducted 
to check if the thresholds in the first experiment results are always going to give the 
best classification percentage. The images are resized to 1080 x 1080.Figure 18 shows 
natural images used for the second experiments while Figure 19 shows the artificial 
images. The experiments were conducted by testing natural images first using Sobel 
edge detector and Gabor filter, different gap size values, and different short line ranges. 
Then the same experiments are performed again on artificial images. 
 
Experiments on Sobel edge detector  
First, a test was done using Sobel edge detector with a short line range from 4 
pixels to 15 pixels and a gap size of 0, 4, 7 and 11. Gap size zero indicated that the 
enhancement method is not applied. The result of nature image classification is 
shown in Table ① Sobel edge detector result on nature images using short line 
range from 4 pixels to 15 pixels. 
 
Results on Table ① shows that the classification percentage was 48% before 
applying the enhancement method. However, the percentage decreased to 12%, 28% 
and 4% which indicates that the short line range is not suitable for Sobel edge 
detector  
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Figure 18 Natural images used for the second test 
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Figure 19 Artifact images used for the second test 








(pixels) 0 4 7 11 
Image number 
1 0.945447 0.225559 0.235011 0.37215 
2 0.101245 0.112762 0.213741 0.146372 
3 0.414697 0.074601 0.567273 0.119895 
4 0.147915 0.053568 0.18164 0.151097 
5 0.441085 0.234758 0.337325 0.101818 
6 0.301937 0.227107 0.688792 0.221594 
7 0.181019 0.160967 0.191933 0.149205 
8 0.886984 0.309762 0.230325 0.051072 
9 0.921279 0.59334 0.208724 0.079385 
10 0.360291 0.739782 0.174229 0.883159 
11 0.903799 0.220592 0.753537 0.213164 
12 0.901563 0.357856 0.177222 0.097566 
13 0.881679 0.157084 0.716762 0.210929 
14 0.922976 0.197845 0.629925 0.159244 
15 0.846127 0.203661 0.476785 0.250095 
16 0.704962 0.525794 0.300549 0.503842 
17 0.963094 0.168878 0.695774 0.107171 
18 0.819883 0.053462 0.155683 0.244392 
19 0.251215 0.199542 0.116757 0.110655 
20 0.274381 0.764361 0.859156 0.431691 
21 0.486505 0.292651 0.269007 0.259414 
22 1 0.24607 0.165033 0.153977 
23 0.211689 0.300135 0.406197 0.05494 
24 0.091223 0.065975 0.163875 0.076568 




48% 12% 28% 4% 











Table ② Sobel edge detector result on Artifact images using short line range from 4 pixels to 15 
pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.063068 0.072432 0.17156 0.063803 
27 0.028862 0.019832 0.022285 0.040262 
28 0.040032 0.091461 0.067744 0.082525 
29 0.027158 0.029678 0.050333 0.101797 
30 0.082837 0.097241 0.108602 0.193914 
31 0.056317 0.04494 0.063102 0.03782 
32 0.133887 0.196258 0.175859 0.088832 
33 0.07076 0.062447 0.084814 0.168814 
34 0.081078 0.069397 0.083462 0.083699 
35 0.244359 0.080412 0.334007 0.114846 
36 0.080131 0.044716 0.073773 0.069346 
37 0.052008 0.032571 0.063254 0.049106 
38 0.025864 0.079202 0.125049 0.031989 
39 0.036389 0.027447 0.10156 0.085188 
40 0.032389 0.038184 0.060894 0.054648 
41 0.093849 0.07816 0.085257 0.104956 
42 0.081572 0.101611 0.215107 0.081216 
43 0.097278 0.06163 0.094691 0.05416 
44 0.04845 0.042756 0.067472 0.034794 
45 0.045757 0.077127 0.12422 0.054479 
46 0.032496 0.027378 0.073549 0.052423 
47 0.064233 0.059668 0.067628 0.049797 
48 0.030675 0.035921 0.056542 0.104087 
49 0.096405 0.033088 0.097612 0.059024 




100% 100% 100% 100% 
 Correctly classified Misclassified 
 
   Results in Table ② show that the percentage didn’t change before and after the enhancement 
method. Results show the ideal percentage for classifying artifact images. 
 
Another test was conducted using short line range from 4 to 20 pixels and the gap 
size of 0, 2, 3, 7, 11, and 17. The results are shown in.Table ③. 
 








0 2 3 7 11 17 
Image 
number 
1 0.966856 0.15493 0.075426 0.471915 0.76932 0.451754 
2 0.248873 0.13542 0.266657 0.90449 0.951945 0.305232 
3 0.880926 0.355826 0.079133 0.581619 0.757328 0.470387 
4 0.342507 0.516002 0.494327 0.585006 0.819956 0.841225 
5 0.187864 0.390952 0.385883 0.686397 0.427595 0.878509 
6 0.476291 0.199458 0.353087 0.699991 0.927343 0.190526 
7 0.965165 0.247787 0.230828 0.295019 0.784223 0.107022 
8 0.947673 0.51738 0.360911 0.712564 0.888077 0.433727 
9 0.959559 0.512765 0.242708 0.845582 0.916685 0.227704 
10 0.827849 0.441506 0.860567 0.913874 0.952379 0.908692 
11 0.944324 0.285987 0.308878 0.766849 0.900103 0.439182 
12 0.944736 0.254463 0.235999 0.269531 0.412332 0.184433 
13 0.943478 0.37563 0.179396 0.733891 0.88722 0.307552 
14 0.947552 0.233075 0.219981 0.638658 0.419795 0.176981 
15 0.875595 0.475788 0.398614 0.483946 0.383425 0.90103 
16 0.412804 0.458504 0.454464 0.637557 0.277332 0.923408 
17 0.981404 0.229799 0.235466 0.704811 0.449357 0.230433 
18 0.300885 0.108712 0.146819 0.481904 0.760467 0.175949 
19 0.404823 0.064438 0.041556 0.356239 0.695138 0.253786 
20 0.91493 0.920431 0.900506 0.891013 0.904227 0.45266 
21 0.49602 0.08975 0.170125 0.545061 0.400629 0.236317 
22 1 0.146703 0.147182 0.500116 0.806821 0.125238 
23 0.459666 0.473733 0.508701 0.832175 0.457695 0.225036 
24 0.147523 0.180162 0.392275 0.841612 0.890165 0.08525 




60% 4% 8% 64% 64% 24% 
 Correctly classified Misclassified 
 
   Results in Table ③ shows that the classification percentage was 60 % before 
applying the enhancement method. However, the percentage decreased to 4% when the 
gap size was set to 2pixels and 8% when it was set to 3pixels. The percentage 
increased to 64% when the gap size was 7 and 11 pixels. However, it decreased again 
to 24% when the gap size was set to 17 pixels.  




The same test was conducted again on artifact images as shown in Table ④. 
 




0 2 3 7 11 17 
Image 
number 
26 0.704741 0.358788 0.32743 0.269964 0.374697 0.120589 
27 0.06988 0.026781 0.021189 0.066287 0.053576 0.057558 
28 0.251311 0.081623 0.146563 0.144441 0.111915 0.213268 
29 0.541973 0.403531 0.073751 0.099836 0.674405 0.074847 
30 0.740662 0.133153 0.181988 0.679569 0.274097 0.180604 
31 0.099917 0.067748 0.048228 0.164794 0.135548 0.11423 
32 0.377845 0.148294 0.078642 0.245372 0.143785 0.272461 
33 0.269878 0.688271 0.167694 0.363879 0.899682 0.177634 
34 0.209622 0.237223 0.233414 0.398374 0.148299 0.178295 
35 0.40445 0.341794 0.168887 0.353685 0.86215 0.43074 
36 0.06508 0.033681 0.057104 0.11805 0.082752 0.047132 
37 0.08879 0.117193 0.091642 0.13532 0.268229 0.130835 
38 0.078724 0.130418 0.120766 0.334813 0.255916 0.077579 
39 0.093143 0.144224 0.07801 0.188623 0.166855 0.102364 
40 0.706619 0.532487 0.16717 0.646447 0.409569 0.138353 
41 0.741844 0.200249 0.52309 0.315374 0.777905 0.279731 
42 0.217254 0.293745 0.18947 0.688718 0.78523 0.394849 
43 0.168264 0.19573 0.090855 0.684703 0.804218 0.091411 
44 0.184863 0.214392 0.387817 0.116685 0.188303 0.104065 
45 0.340955 0.247363 0.441325 0.644701 0.125969 0.097181 
46 0.060606 0.068317 0.065219 0.090936 0.21191 0.168332 
47 0.185945 0.4913 0.222913 0.218641 0.203153 0.124508 
48 0.100521 0.100077 0.191077 0.116748 0.071666 0.06846 
49 0.278149 0.241885 0.211145 0.250478 0.747729 0.074344 




84% 96% 100% 76% 72% 100% 
 Correctly classified Misclassified 
 
   Results in Table ④ show that the percentage before the enhancement method was 
84%. However, the percentage increased to 100% when the gap size was set to 3 and 
17 pixels.  




   Another test was conducted using short line range from 4 to 24 and gap size 0, 4, 8, 
12 and 17. Table ⑤ shows the results of nature images.  
 




0 4 8 12 17 
Image 
number 
1 0.974813 0.228639 0.611871 0.806669 0.305755 
2 0.82571 0.435299 0.952811 0.972894 0.954581 
3 0.183386 0.398652 0.332355 0.438863 0.485288 
4 0.733314 0.509223 0.669586 0.867751 0.441642 
5 0.972841 0.492279 0.267383 0.835221 0.910757 
6 0.964574 0.471629 0.80399 0.932637 0.979754 
7 0.97787 0.169057 0.68433 0.83513 0.446122 
8 0.978975 0.638539 0.860775 0.471401 0.933307 
9 0.967804 0.604623 0.905613 0.964728 0.93974 
10 0.443665 0.922789 0.963473 0.970992 0.963525 
11 0.968357 0.460191 0.901365 0.912645 0.45778 
12 0.95374 0.366206 0.681144 0.446075 0.48263 
13 0.481371 0.490645 0.807717 0.959387 0.96333 
14 0.968187 0.403567 0.738995 0.881794 0.458547 
15 0.890118 0.423422 0.679981 0.821493 0.908194 
16 0.872645 0.611824 0.47526 0.521972 0.937461 
17 0.983779 0.340656 0.802769 0.914371 0.963061 
18 0.937551 0.352973 0.599069 0.797965 0.900805 
19 0.215213 0.106101 0.200959 0.271953 0.792373 
20 0.961172 0.844398 0.917301 0.865811 0.927351 
21 0.995422 0.296177 0.609883 0.875954 0.970586 
22 1 0.247038 0.654987 0.882264 0.912855 
23 0.473725 0.644005 0.888405 0.93162 0.934139 
24 0.3084 0.28317 0.875879 0.935502 0.224273 




76% 24% 84% 80% 64% 
 Correctly classified Misclassified  
 
 Results in Table ⑤ show that the percentage before applying the enhancement 
method was 76% however, after applying the enhancement method with a gap size of 8 




pixels the percentage increased reaching 84%. The percentage decreased after 
increasing the gap size.  
 
 The same test was conducted again on artifact images as shown in Table ⑥.  
 




0 4 8 12 17 
Image 
number 
26 0.249596 0.425293 0.637463 0.410494 0.220822 
27 0.110285 0.070209 0.114996 0.070487 0.102343 
28 0.200025 0.265423 0.415396 0.45925 0.149489 
29 0.11671 0.145931 0.115129 0.150102 0.389554 
30 0.392649 0.227782 0.758692 0.868117 0.311442 
31 0.753376 0.145485 0.727322 0.212174 0.417671 
32 0.402335 0.348392 0.403723 0.882113 0.427897 
33 0.858251 0.35891 0.863912 0.918437 0.921576 
34 0.890456 0.741486 0.832008 0.90447 0.927521 
35 0.428497 0.671526 0.785033 0.912362 0.299434 
36 0.692846 0.065922 0.798474 0.286028 0.210546 
37 0.099286 0.092476 0.251216 0.279121 0.208943 
38 0.151387 0.152507 0.367945 0.270275 0.20589 
39 0.118666 0.298696 0.811177 0.868559 0.066668 
40 0.752543 0.197756 0.737114 0.829809 0.875482 
41 0.38764 0.18978 0.719829 0.875008 0.434557 
42 0.692694 0.31486 0.37352 0.418638 0.277227 
43 0.878625 0.158367 0.790539 0.857611 0.430734 
44 0.085008 0.250528 0.181256 0.113996 0.191077 
45 0.729652 0.181256 0.680518 0.852656 0.451509 
46 0.240214 0.195012 0.747218 0.294305 0.176604 
47 0.159467 0.179637 0.231218 0.457088 0.912595 
48 0.112642 0.216679 0.249027 0.152862 0.184267 
49 0.869179 0.322827 0.631123 0.776969 0.169923 




64% 88% 44% 56% 84% 
 Correctly classified Misclassified  
 




As observed in Table ⑥, the percentage before applying the enhancement method 
was 64%. The percentage increased to 88% when the gap size was 4 pixels. However, 
the percentage started to decreased when increasing the gap size.  
 
   Another test was conducted with a short line range from 4 to 27 pixels and gap size 
of 0, 3, 8, 11 and 13. Table ⑦ shows the results of nature images   
 
Table ⑦ Sobel edge detector result on nature images using short line range from 4 pixels to 27 
pixels. 
Edge filling 
(pixels) 0 3 8 11 13 
Image number 
1 0.979569 0.152732 0.612502 0.777305 0.862489 
2 0.860467 0.893856 0.959828 0.980477 0.974582 
3 0.926546 0.325877 0.33331 0.770308 0.910706 
4 0.764088 0.543759 0.678617 0.866268 0.872427 
5 0.989739 0.392991 0.803423 0.865588 0.451431 
6 0.973555 0.361054 0.805276 0.936295 0.975739 
7 0.492512 0.233549 0.684807 0.793796 0.862096 
8 0.981905 0.366712 0.862839 0.907747 0.94114 
9 0.979592 0.489082 0.906858 0.464392 0.991037 
10 0.918387 0.949167 0.974167 0.992554 0.983435 
11 0.968357 0.314392 0.904023 0.911974 0.882356 
12 0.4811 0.238699 0.682593 0.834875 0.911298 
13 0.968995 0.363355 0.808362 0.902302 0.944657 
14 0.982059 0.224426 0.738995 0.847717 0.896771 
15 0.898404 0.413165 0.685594 0.776287 0.848583 
16 0.913251 0.48419 0.480402 0.573949 0.582859 
17 0.988887 0.236173 0.804067 0.909817 0.940741 
18 0.965742 0.304135 0.599699 0.77393 0.79293 
19 0.87067 0.129825 0.4024 0.709137 0.813806 
20 0.975826 0.929527 0.919756 0.926027 0.931997 
21 0.995422 0.170577 0.610292 0.808961 0.888997 
22 1 0.147182 0.654987 0.816589 0.884981 
23 0.965308 0.519593 0.891014 0.928523 0.977714 
24 0.940891 0.407336 0.877752 0.908324 0.468595 




92% 12% 88% 96% 92% 
 Correctly classified Misclassified  




As observed in Table ⑦ the percentage before the enhancement method was 92%. 
However, the percentage increased to 96% when the gap size was set to 11 pixels. This 
result is the highest nature image classification using Sobel edge detector. 
  
 The same test was conducted again on artifact images. Table ⑧ shows the results.  
 
Table ⑧ Sobel edge detector result on artifact images using short line range from 4 pixels to 27 
pixels. 
Edge filling 
(pixels) 0 3 8 11 13 
Image number 
26 0.776557 0.118928 0.647055 0.779447 0.848648 
27 0.0968 0.06619 0.084188 0.211531 0.129933 
28 0.837543 0.483886 0.419909 0.933178 0.935478 
29 0.122906 0.205962 0.292727 0.723032 0.383897 
30 0.272627 0.132407 0.767516 0.845075 0.862827 
31 0.780882 0.470342 0.737018 0.42211 0.905595 
32 0.833478 0.605002 0.817895 0.897462 0.90066 
33 0.880317 0.713367 0.877992 0.935819 0.466957 
34 0.922092 0.75622 0.836058 0.911473 0.917423 
35 0.434906 0.722863 0.398211 0.886837 0.924591 
36 0.240768 0.168481 0.810768 0.435235 0.846402 
37 0.245278 0.216255 0.762261 0.853445 0.217744 
38 0.63036 0.177056 0.37318 0.403691 0.268391 
39 0.149158 0.303371 0.820976 0.438658 0.883689 
40 0.388336 0.529421 0.741825 0.856299 0.860392 
41 0.793136 0.190741 0.73017 0.802329 0.867767 
42 0.72277 0.633968 0.758544 0.827498 0.859266 
43 0.903002 0.381064 0.797802 0.824559 0.2903 
44 0.155168 0.144037 0.737398 0.398164 0.158649 
45 0.251274 0.471993 0.687626 0.779977 0.846613 
46 0.187195 0.286733 0.254219 0.452311 0.913219 
47 0.813328 0.483067 0.704783 0.842935 0.950476 
48 0.586148 0.333804 0.772763 0.394471 0.157393 
49 0.892407 0.222551 0.316715 0.190485 0.394222 




48% 80% 32% 36% 40% 
 Correctly classified Misclassified  
 




As observed in Table ⑧ the percentage before the enhancement method was 48%. 
However, the percentage increased reaching 80% when the gap size was 3 pixels. The 
percentage decreased after increasing the gap size. 
 
Experiments on Gabor filter  
The same test that was conducted on Sobel edge detector was conducted again on 
Gabor filter. The test was done with a short line range from 4 pixels to 15 pixels and a 
gap size of 0, 4, 7 and 11. Gap size zero indicated that the enhancement method is not 
applied. The result of nature image classification is shown in Table ⑨.  
 
As observed in Table ⑨ the percentage before the enhancement method was 0%. 
However, the percentage increased to 20% after applying the enhancement method. 
The percentage is still low wich indicates that the short line range from 4 to 15 pixels 
is not suitable for nature image classification using Gabor filter. 
 
The same test was done again on artifact images. Table ⑩ shows the results of 
artifact image classification using Gabor filter with a line range from 4 to 15 pixels. 
 
As observed in Table ⑩ the percentage decreased to 96% after applying the 
enhancement method with a gap size of 4 pixels. However, the percentage increased to 














Table ⑨ Gabor filter result on nature images using short line range from 4 pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
1 0.033967 0.179142 0.147672 0.067542 
2 0.192525 0.199262 0.298399 0.219261 
3 0.070269 0.278185 0.185702 0.087791 
4 0.130216 0.076549 0.12038 0.153471 
5 0.110876 0.628825 0.199381 0.025572 
6 0.079645 0.311473 0.083445 0.159688 
7 0.056887 0.096966 0.078069 0.051185 
8 0.14746 0.48427 0.395661 0.267818 
9 0.024112 0.192374 0.093153 0.02067 
10 0.170701 0.189144 0.220541 0.093957 
11 0.115182 0.513729 0.350495 0.212134 
12 0.056626 0.372669 0.059093 0.048641 
13 0.060454 0.13655 0.099883 0.03731 
14 0.11479 0.596376 0.425635 0.089204 
15 0.227245 0.594843 0.629333 0.333379 
16 0.337849 0.312107 0.553916 0.589842 
17 0.054931 0.613082 0.12747 0.018849 
18 0.15571 0.744879 0.211305 0.145848 
19 0.070699 0.450559 0.043318 0.019534 
20 0.05972 0.281866 0.152112 0.130551 
21 0.166676 0.118215 0.159843 0.02774 
22 0.077047 0.136596 0.106221 0.028077 
23 0.093817 0.307056 0.162232 0.063253 
24 0.058497 0.226754 0.183707 0.056737 




0% 20% 8% 4% 













Table ⑩ Gabor filter result on artifact images using short line range from 4 pixels to 15 pixels. 
Edge filling 
(pixels) 0 4 7 11 
Image number 
26 0.063097 0.314692 0.238323 0.094086 
27 0.022414 0.040251 0.038037 0.056995 
28 0.028934 0.094186 0.038844 0.015072 
29 0.15008 0.113415 0.162396 0.070695 
30 0.03867 0.071307 0.270415 0.071197 
31 0.031658 0.042144 0.039359 0.04156 
32 0.075449 0.112657 0.142799 0.099134 
33 0.051799 0.262999 0.315358 0.047793 
34 0.097614 0.088868 0.13529 0.062317 
35 0.018703 0.210419 0.042624 0.023276 
36 0.026504 0.068016 0.067078 0.026814 
37 0.048354 0.11331 0.120135 0.055076 
38 0.031929 0.186404 0.047368 0.050781 
39 0.035228 0.064113 0.115447 0.056788 
40 0.047582 0.105094 0.048151 0.036931 
41 0.052669 0.093102 0.114055 0.046469 
42 0.072853 0.478823 0.080603 0.044246 
43 0.032233 0.103215 0.069107 0.04156 
44 0.019591 0.068531 0.049151 0.029516 
45 0.090388 0.232292 0.110046 0.0344 
46 0.118443 0.10543 0.15928 0.4622 
47 0.145708 0.716642 0.134547 0.061469 
48 0.164168 0.098588 0.20671 0.087423 
49 0.02825 0.043077 0.042375 0.054579 




100% 96% 100% 100% 
 Correctly classified Misclassified 
 
Another test was conducted using a short line range from 4 to 20 and a gap size of 
0, 2, 4, 7, 11, and 17 pixels on both nature and artifact images. Table ⑪ shows the 









Table ⑪ Gabor filter result on nature images using short line range from 4 pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 3 7 11 17 
Image 
number 
1 0.070291 0.281027 0.365417 0.458646 0.366562 0.277419 
2 0.340466 0.236933 0.741831 0.716275 0.381221 0.781648 
3 0.154533 0.473463 0.591974 0.392472 0.19377 0.16913 
4 0.246779 0.219547 0.138203 0.160207 0.295968 0.641368 
5 0.060174 0.468533 0.6574 0.41185 0.330983 0.090358 
6 0.169243 0.344164 0.650326 0.429755 0.339171 0.104394 
7 0.088059 0.655577 0.69227 0.480539 0.10824 0.091312 
8 0.172673 0.275261 0.54734 0.474159 0.311751 0.303049 
9 0.13149 0.637199 0.598806 0.130515 0.098004 0.083539 
10 0.504357 0.295962 0.515907 0.584201 0.593867 0.318096 
11 0.123045 0.487489 0.551411 0.1849 0.236722 0.226008 
12 0.087047 0.653522 0.379071 0.244797 0.181593 0.296078 
13 0.194427 0.292158 0.70735 0.260847 0.147935 0.175172 
14 0.118509 0.462215 0.610701 0.451914 0.397326 0.402042 
15 0.561794 0.653886 0.232685 0.722336 0.756691 0.747352 
16 0.435017 0.401984 0.801205 0.73455 0.704991 0.823989 
17 0.112606 0.242679 0.619794 0.196103 0.244048 0.049847 
18 0.333536 0.542721 0.408649 0.690226 0.315381 0.483025 
19 0.072667 0.581807 0.46451 0.113103 0.024726 0.026372 
20 0.266395 0.564999 0.636955 0.522497 0.586579 0.539064 
21 0.172284 0.275532 0.600288 0.498538 0.190773 0.156037 
22 0.156014 0.617886 0.345506 0.432771 0.322979 0.05398 
23 0.200241 0.515792 0.645398 0.508908 0.136359 0.070908 
24 0.12243 0.45114 0.231238 0.377613 0.301564 0.092303 




4% 28% 56% 20% 16% 16% 
 Correctly classified Misclassified 
 
As observed in Table ⑪ the percentage improved from 4% to 56% when the gap 









Table ⑫ Gabor filter result on artifact images using short line range from 4 pixels to 20 pixels. 
Edge filling 
(pixels) 
0 2 3 7 11 17 
Image 
number 
26 0.071499 0.309348 0.337477 0.527785 0.212522 0.205448 
27 0.03916 0.131378 0.103438 0.119188 0.12822 0.075105 
28 0.043966 0.267994 0.200662 0.089747 0.149965 0.037781 
29 0.348895 0.510853 0.63207 0.362415 0.186119 0.128608 
30 0.11984 0.505801 0.144558 0.152632 0.160974 0.154577 
31 0.042006 0.094827 0.177953 0.125335 0.175501 0.058865 
32 0.261277 0.667083 0.298807 0.15253 0.180883 0.458489 
33 0.294955 0.284293 0.197529 0.700771 0.319316 0.153911 
34 0.17723 0.298841 0.611969 0.309261 0.187861 0.185488 
35 0.041487 0.364099 0.224766 0.184936 0.238897 0.038943 
36 0.058735 0.368544 0.219417 0.108454 0.056665 0.068689 
37 0.068964 0.217815 0.206067 0.325167 0.622439 0.118115 
38 0.098113 0.171923 0.30902 0.082451 0.141366 0.078838 
39 0.060762 0.080356 0.350316 0.078369 0.127125 0.059503 
40 0.054469 0.173501 0.34651 0.19425 0.267054 0.093 
41 0.118412 0.453103 0.613687 0.63043 0.177742 0.223016 
42 0.348362 0.222516 0.268758 0.182239 0.109566 0.151113 
43 0.08588 0.23443 0.161331 0.255425 0.134842 0.049157 
44 0.031553 0.089168 0.087111 0.046412 0.063348 0.049472 
45 0.157633 0.317213 0.749306 0.589457 0.502845 0.118346 
46 0.277642 0.428553 0.291876 0.266135 0.266317 0.246646 
47 0.077864 0.577576 0.74845 0.192736 0.157655 0.166764 
48 0.184512 0.436122 0.267908 0.450051 0.163202 0.109028 
49 0.086291 0.479086 0.204741 0.137502 0.198268 0.17848 




100% 92% 100% 88% 96% 100% 
 Correctly classified Misclassified 
 
As shown in Table ⑫ the percentage reached 100% when the gap size was 0, 3 
and 17 pixels and it dropped to 92 when the gap size was 2 pixels, also it dropped to 
88% when the gap size was 7 pixels and to 96% when the gap size was 11 pixels. 
 
Another test was conducted using a short line range from 4 to 24 on nature and 
artifact images.Table ⑬ shows the results on nature images.  




Table ⑬ Gabor filter result on nature images using short line range from 4 pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 8 12 17 
Image 
number 
1 0.141978 0.372675 0.466685 0.187778 0.285812 
2 0.730618 0.806033 0.381455 0.805538 0.833138 
3 0.160228 0.608384 0.4061 0.401529 0.357685 
4 0.554861 0.251806 0.571636 0.63838 0.232596 
5 0.122383 0.666297 0.414872 0.169712 0.282821 
6 0.171512 0.652642 0.433475 0.343694 0.319048 
7 0.178089 0.697048 0.483411 0.329748 0.281478 
8 0.183592 0.59382 0.527711 0.338067 0.334124 
9 0.136278 0.611157 0.399351 0.100885 0.261964 
10 0.29563 0.22322 0.695664 0.350361 0.368069 
11 0.131785 0.57504 0.378658 0.245285 0.235163 
12 0.175941 0.7624 0.492604 0.368567 0.154068 
13 0.099711 0.360861 0.265011 0.4534 0.182745 
14 0.120016 0.615456 0.456666 0.415551 0.212426 
15 0.600365 0.749999 0.757908 0.813128 0.797973 
16 0.475475 0.896847 0.815987 0.823056 0.887867 
17 0.113018 0.621884 0.393055 0.248273 0.06965 
18 0.347505 0.841165 0.721192 0.651269 0.25777 
19 0.073474 0.235161 0.229327 0.151633 0.136151 
20 0.278176 0.66449 0.544727 0.614445 0.569766 
21 0.17423 0.604997 0.503138 0.39071 0.325259 
22 0.156357 0.692697 0.434341 0.326861 0.092556 
23 0.203612 0.326934 0.517862 0.416506 0.183534 
24 0.124986 0.466304 0.381283 0.154103 0.28835 




12% 72% 20% 24% 16% 
 Correctly classified Misclassified  
 
As Table ⑬ shows, the percentage before applying the enhancement method was 
12%. The percentage increased to 72% after applying the enhancement method with a 
gap size of 4 pixels. However, the percentage started to decreased after increasing the 
gap size.  
 
The same test was conducted again on artifact images. The results are shown in 




Table ⑭.  
 
Table ⑭ Gabor filter result on artifact images using short line range from 4 pixels to 24 pixels. 
Edge filling 
(pixels) 
0 4 8 12 17 
Image 
number 
26 0.224605 0.703498 0.555172 0.450567 0.218738 
27 0.062704 0.217175 0.625621 0.107851 0.160069 
28 0.115348 0.617489 0.555159 0.07797 0.100055 
29 0.188046 0.33278 0.755573 0.575289 0.55107 
30 0.383882 0.61263 0.647245 0.675469 0.325175 
31 0.310521 0.740671 0.654069 0.545877 0.251309 
32 0.140633 0.62559 0.625315 0.556409 0.478381 
33 0.313986 0.620159 0.366513 0.663996 0.652256 
34 0.388838 0.645796 0.653594 0.591216 0.296511 
35 0.088138 0.232156 0.380343 0.250094 0.104102 
36 0.094197 0.459205 0.224398 0.419064 0.092941 
37 0.295368 0.653619 0.343086 0.217448 0.167822 
38 0.157258 0.216772 0.604278 0.597016 0.25259 
39 0.064963 0.243672 0.130684 0.265776 0.147859 
40 0.307583 0.709876 0.59995 0.554189 0.167312 
41 0.249079 0.644445 0.66354 0.279434 0.474133 
42 0.369769 0.565409 0.288817 0.192518 0.16218 
43 0.174604 0.653116 0.172442 0.410188 0.177612 
44 0.276232 0.213864 0.084632 0.535139 0.47616 
45 0.165078 0.768513 0.604596 0.522216 0.498555 
46 0.305231 0.616877 0.561065 0.565344 0.26157 
47 0.080281 0.768029 0.296331 0.488743 0.351814 
48 0.098469 0.55345 0.467149 0.17086 0.156061 
49 0.091854 0.635604 0.285128 0.613887 0.557825 




100% 28% 48% 64% 88% 
 Correctly classified Misclassified  
 
Table ⑭ shows that the percentage before applying the enhancement method was 
100%. However, the percentage decreased after applying the enhancement method 
reaching 88% when the gap size was set to 17 pixels. 
 




Another test was conducted on nature and artifact images using short line range 
from 4 to 27 pixels. Table ⑮ shows the results on nature images.  
 
Table ⑮ Gabor filter result on nature images using short line range from 4 pixels to 27 pixels. 
Edge filling 
(pixels) 0 4 8 11 13 
Image number 
1 0.071597 0.750648 0.470025 0.379429 0.353442 
2 0.745472 0.830376 0.79716 0.831228 0.843148 
3 0.082754 0.618975 0.411403 0.410202 0.433388 
4 0.300383 0.579138 0.61851 0.694736 0.735277 
5 0.123731 0.670187 0.416237 0.341813 0.292469 
6 0.171813 0.654022 0.434776 0.344361 0.160886 
7 0.178948 0.699658 0.483655 0.331644 0.32123 
8 0.190933 0.629526 0.538028 0.347702 0.343391 
9 0.14003 0.307845 0.403025 0.306455 0.145339 
10 0.218999 0.699751 0.757584 0.738129 0.77596 
11 0.131785 0.588704 0.387099 0.250089 0.24111 
12 0.177365 0.764528 0.247203 0.370855 0.345596 
13 0.203295 0.725763 0.532872 0.457086 0.467499 
14 0.120921 0.615456 0.458728 0.417324 0.420502 
15 0.627844 0.765406 0.778101 0.831797 0.818061 
16 0.494733 0.896847 0.880635 0.890697 0.925219 
17 0.11336 0.623777 0.393638 0.248957 0.235107 
18 0.357919 0.857927 0.73384 0.659643 0.579643 
19 0.07441 0.472011 0.230163 0.15283 0.139643 
20 0.299863 0.684835 0.552199 0.625057 0.598205 
21 0.17473 0.607704 0.50355 0.393204 0.365956 
22 0.156357 0.692697 0.434341 0.328502 0.293042 
23 0.20559 0.658605 0.521182 0.420667 0.413744 
24 0.125873 0.468232 0.382279 0.309743 0.305207 




8% 88% 28% 28% 28% 
 Correctly classified Misclassified  
 
Table ⑮ shows that the percentage before the enhancement method was 8%. 
However, it increased to 88% after applying the enhancement method with a gap size 
of 4 pixels. This percentage is the highest nature classification percentage acquired 
using Gabor filter in the second experiment.  




The same test was applied again on artifact images as shown in Table ⑯.   
 
Table ⑯ Gabor filter result on artifact images using short line range from 4 pixels to 27 pixels. 
Edge filling 
(pixels) 0 4 8 11 13 
Image number 
26 0.23819 0.718068 0.571022 0.230145 0.458422 
27 0.087078 0.168402 0.641252 0.275993 0.099895 
28 0.235583 0.628621 0.559877 0.475553 0.109982 
29 0.393426 0.681436 0.772054 0.591265 0.584679 
30 0.399441 0.637372 0.665972 0.344221 0.691674 
31 0.315997 0.75302 0.221257 0.552847 0.559778 
32 0.287367 0.632018 0.317253 0.567402 0.507051 
33 0.322522 0.211473 0.745526 0.669535 0.682061 
34 0.404335 0.666996 0.667614 0.606435 0.611339 
35 0.090067 0.469414 0.128658 0.254302 0.244153 
36 0.193464 0.469787 0.459479 0.430329 0.401913 
37 0.102159 0.677605 0.237203 0.16942 0.204443 
38 0.327878 0.666281 0.206618 0.609923 0.292981 
39 0.134092 0.746695 0.662425 0.180425 0.518284 
40 0.159679 0.726514 0.608626 0.566682 0.260317 
41 0.260088 0.2227 0.341858 0.144811 0.194029 
42 0.384904 0.588011 0.593735 0.597384 0.320678 
43 0.177915 0.328564 0.174235 0.207164 0.100464 
44 0.286448 0.334646 0.617675 0.554712 0.176424 
45 0.339596 0.778241 0.6125 0.529197 0.508782 
46 0.317499 0.631485 0.288507 0.575743 0.532191 
47 0.165431 0.775191 0.297995 0.492569 0.391047 
48 0.202515 0.565665 0.483322 0.534669 0.24364 
49 0.2866 0.648626 0.579278 0.626306 0.287916 




100% 32% 48% 56% 80% 
 Correctly classified Misclassified  
 
Table ⑯ shows that the percentage decreased from 100% to 80% after applying 
the enhancement method with a gap size of 13 pixels. 
 
 





From the results of the first and second experiment, it is noticeable to see that the same 
thresholds values gave the best classification results for Sobel edge detector and Gabor 
filter. As observed in Table 4 and Table ⑦  the best result for nature image 
classification using Sobel edge detector was when the short line range was from 4 to 
27, and the gap size was 11 pixels. As observed in the results of Table 17 and Table ⑮ 
the best nature classification percentage acquired using Gabor filter was when the short 
line range from 4 to 27 and the gap size was set to 4 pixels. For artifact image 
classification the best percentage acquired using Sobel was when the short line range 
was set from 4 to 15, and the gap size was set to 7 pixels as shown in Table 3 and  
Table ②. However, for Gabor filter, the best artifact image classification percentage 
was acquired when the short line range was set from 4 to 15, and the gap size was set 
to 7 pixels as shown in Table 16 and Table ⑩. These results prove that these 
thresholds can always give the highest classification percentage. 
 
  
